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Materials, Junctions, 
and Devices 


S OLID-STATE devices are small 
but versatile units that can per¬ 
form an amazing variety of control 
functions in electronic equipment. 
Like other electron devices, they 
have the ability to control almost in¬ 
stantly the movement of charges of 
electricity. They are used as rec¬ 
tifiers, detectors, amplifiers, oscilla¬ 
tors, electronic switches, mixers, and 
modulators. 

In addition, solid-state devices 
have many important advantages 
over other types of electron devices. 
They are very small and light in 
weight (some are less than an inch 
long and weigh just a fraction of an 
ounce). They have no filaments or 
heaters, and therefore require no 
heating power or warm-up time. 
They consume very little power. 
They are solid in construction, ex¬ 
tremely rugged, free from micro¬ 
phonics, and can be made impervious 
to many severe environmental con¬ 
ditions. The circuits required for 
their operation are usually simple. 

SEMICONDUCTOR MATERIALS 

Unlike other electron devices, which 
depend for their functioning on the 
flow of electric charges through a 
vacuum or a gas, solid-state de¬ 
vices make use of the flow of current 
in a solid. In general, all materials 
may be classified in three major 
categories—conductors, semiconduc¬ 
tors, and insulators—depending upon 
their ability to conduct an electric 


current. As the name indicates, a 
semiconductor material has poorer 
conductivity than a conductor, but 
better conductivity than an insulator. 
The material most often used in 
semiconductor devices is silicon. 

Resistivity 

The ability of a material to con¬ 
duct current (conductivity) is di¬ 
rectly proportional to the number of 
free (loosely held) electrons in the 
material. Good conductors, such as 
silver, copper, and aluminum, have 
large numbers of free electrons, their 
resistivities are of the order of a 
few millionths of an ohm-centimeter. 
Insulators such as glass, rubber, and 
mica, which have very few loosely 
held electrons, have resistivities of 
several million ohm-centimeters. 

Semiconductor materials lie in the 
range between these two extremes, 
as shown in Fig. 1. Pure silicon has 
a resistivity, in the order of 60,000 
ohm-centimeters. As used in semi¬ 
conductor devices, however, semicon¬ 
ductor materials contain carefully 

INCREASING RESISTIVITY -► 
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Fig. 1—Resistivity of typical conductor, 
semiconductor, and insulator. 
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controlled amounts of certain im¬ 
purities which reduce their resistiv¬ 
ity to about 2 ohm-centimeters at 
room temperature (this resistivity 
decreases rapidly as temperature 
rises). 

Impurities 

Carefully prepared semiconductor 
materials have a crystal structure. 
In this type of structure, which is 
called a lattice, the outer or valence 
electrons of individual atoms are 
tightly bound to the electrons of ad¬ 
jacent atoms in electron-pair bonds, 
as shown in Fig. 2. Because such a 



Fig. 2—Crystal lattice structure. 


structure has no loosely held elec¬ 
trons, semiconductor materials are 
poor conductors under normal condi¬ 
tions. In order to separate the elec¬ 
tron-pair bonds and provide free 
electrons for electrical conduction, 
it would be necessary to apply high 
temperatures or strong electric fields. 

Another way to alter the lattice 
structure and thereby obtain free 
electrons, however, is to add small 
amounts of other elements having a 
different atomic structure. By the ad¬ 
dition of almost infinitesimal amounts 
of such other elements called ‘^im- 
purities’^ the basic electrical proper¬ 
ties of pure semiconductor materials 
can be modified and controlled. The 
ratio of impurity to the semicon¬ 
ductor material is usually extremely 
small, in the order of one part in 
ten million. 

When the impurity elements are 
added to the semiconductor material. 


impurity atoms take the place of 
semiconductor atoms in the lattice 
structure. If the impurity atoms 
added have the same number of va¬ 
lence electrons as the atoms of the 
original semiconductor material, they 
fit neatly into the lattice, forming 
the required number of electron-pair 
bonds with semiconductor atoms. In 
this case, the electrical properties 
of the material are essentially un¬ 
changed. 

When the impurity atom has one 
more valence electron than the semi¬ 
conductor atom, however, this extra 
electron cannot form an electron- 
pair bond becaue no adjacent va¬ 
lence electron is available. The excess 
electron is then held very loosely by 
the atom, as shown in Fig. 3, and 

ELECTRON-PAIR SEMICONDUCTOR 



92CS-2I2I0 

Fig. 3—Lattice structure of n-type 
material. 

requires only slight excitation to 
break away. Consequently, the pres¬ 
ence of such excess electrons makes 
the material a better conductor, i.e., 
its resistance to current flow is 
reduced. 

Impurity elements which are added 
to silicon crystals to provide excess 
electrons include arsenic and an¬ 
timony. When these elements are 
introduced, the resulting material 
is called n-type because the ex¬ 
cess free electrons have a negative 
charge. (It should be noted, however, 
that the negative charge of the elec¬ 
trons is balanced by an equivalent 
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positive charge in the center of the 
impurity atoms. Therefore, the net 
electrical charge of the semiconduc¬ 
tor material is noc changed.) 

A different effect is produced when 
an impurity atom having one less 
valence electron than the semicon¬ 
ductor atom is substituted in the 
lattice structure. Although all the 
valence electrons of the impurity 
atom form electron-pair bonds with 
electrons of neighboring semiconduc¬ 
tor atoms, one of the bonds in the 
lattice structure cannot be completed 
because the impurity atom lacks the 
final valence electron. As a result, a 
vacancy or ^‘hole” exists in the lat- 
ttice, as shown in Fig. 4. An electron 
from an adjacent electron-pair bond 
may then absorb enough energy to 
break its bond and move through the 
lattice to fill the hole. As in the 

ELECTRON-PAIR SEMICONDUCTOR 



Fig. 4—Lattice structure of p-type 
material. 

case of excess electrons, the presence 
of “holes’^ encourages the flow of 
electrons in the semiconductor ma¬ 
terial ; consequently, the conductivity 
is increased and the resistivity is 
reduced. 

The vacancy or hole in the crystal 
structure is considered to have a 
positive electrical charge because it 
represents the absence of an electron. 
(Again, however, the net charge of 
the crystal is unchanged.) Semi¬ 
conductor material which contains 
these '^holes” or positive charges is 
called p-type material. P-type mate¬ 
rials are formed by the addition of 
aluminum, gallium, or indium. 


Although the difference in the 
chemical composition of n-type and 
p-type materials is slight, the differ¬ 
ences in the electrical characteristics 
of the two types are substantial, and 
are very important in the operation 
of solid-state devices. 

P-N JUNCTIONS 

When n-type and p-type materials 
are joined together, as shown in Fig. 
5, an unusual but very important 
phenomenon occurs at the interface 


p-n JUNCTION 



92CS-2I2I2 

Fig. 5—Interaction of holes and electrons 
at p-n junction. 

where the two materials meet (called 
the p-n junction). An interaction 
takes place between the two types 
of material at the junction as a re¬ 
sult of the holes in one material and 
the excess electrons in the other. 

When a p-n junction is formed, 
some of the free electrons from the 
n-type material diffuse across the 
junction and recombine with holes in 
the lattice structure of the p-type 
material; similarly, some of the holes 
in the p-type material diffuse across 
the junction and recombine with free 
electrons in the lattice structure of 
the n-type material. This interaction 
or diffusion is brought into equilib¬ 
rium by a small space-charge region 
(sometimes called the transition re¬ 
gion or depletion layer). The p-type 
material thus acquires a slight nega¬ 
tive charge and the n-type material 
acquires a slight positive charge. 

Thermal energy causes charge car¬ 
riers (electrons and holes) to diffuse 
from one side of the p-n junction to 
the other side; this flow of charge 
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carriers is called diffusion current. 
As a result of the diffusion process, 
however, a potential gradient builds 
up across the space-charge region. 
This potential gradient can be repre¬ 
sented, as shown in Fig. 6, by an 
imaginary battery connected across 
the p-n junction. (The battery symbol 

JUNCTION 


P n 


imaginary 

- + SPACE-CHARGE 
EQUIVALENT 

92CS-2I2I3 BATTERY 

Fig. 6—Potential gradient across space- 
charge region. 

is used merely to illustrate internal 
effects; the potential it represents 
is not directly measurable.) The 
potential gradient causes a flow 
of charge carriers, referred to as 
drift current, in the opposite direc¬ 
tion to the diffusion current. Under 
equilibrium conditions, the diffusion 
current is exactly balanced by the 
drift current so that the net current 
across the p-n junction is zero. In 
other words, when no external cur¬ 
rent or voltage is applied to the p-n 
junction, the potential gradient forms 
an energy barrier that prevents fur¬ 
ther diffusion of charge carriers 
across the junction. In effect, elec¬ 
trons from the n-type material that 
tend to diffuse across the junction are 
repelled by the slight negative charge 


ELECTRON FLOW 


1 

p 



n 








(a) REVERSE BIAS 


induced in the p-type material by the 
potential gradient, and holes from 
the p-type material are repelled by 
the slight positive charge induced in 
the n-type material. The potential 
gradient (or energy barrier, as it is 
sometimes called), therefore, pre¬ 
vents total interaction between the 
two types of materials, and thus 
preserves the differences in their 
characteristics. 

Current Flow 

When an external battery is con¬ 
nected across a p-n junction, the 
amount of current flow is determined 
by the polarity of the applied voltage 
and its effect on the space-charge 
region. In Fig. 7(a), the positive ter¬ 
minal of the battery is connected to 
the n-type material and the negative 
terminal to the p-type material. In 
this arrangement, the free electrons 
in the n-type material are attracted 
toward the posiitve terminal of the 
battery and away from the junction. 
At the same time, holes from the 
p-type material are attracted toward 
the negative terminal of the battery 
and away from the junction. As a 
result, the space-charge region at the 
junction becomes effectively wider, 
and the potential gradient increases 
until it approaches the potential of 
the external battery. Current flow 
is then extremely small because no 
voltage difference (electric field) ex¬ 
ists across either the p-type or the 
n-type region. Under these condi¬ 
tions, the p-n junction is said to be 
reverse-biased. 


ELECTRON FLOW 



(b) FORWARD BIAS 
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Fig. 7—Electron current flow in biased p-n junctions. 
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In Fig. 7(b), the positive terminal 
of the external battery is connected 
to the p-type material and the nega¬ 
tive terminal to the n-type material. 
In this arrangment, electrons in the 
p-type material near the positive ter¬ 
minal of the battery break their 
electron-pair bonds and enter the 
battery, creating new holes. At the 
same time, electrons from the nega¬ 
tive terminal of the battery enter the 
n-type material and diffuse toward 
the junction. As a result, the space- 
charge region becomes effectively 
narrower, and the energy barrier de¬ 
creases to an insignificant value. Ex¬ 
cess electrons from the n-type mate¬ 
rial can then penetrate the space- 
charge region, flow across the junc¬ 
tion, and move by way of the holes 
in the p-type material toward the 
positive terminal of the battery. This 
electron flow continues as long as 
the external voltage is applied. Un¬ 
der these conditions, the junction is 
said to be forward-biased. 

The generalized voltage-current 
characteristic for a p-n junction in 
Fig. 8 shows both the reverse-bias 
and forward-bias regions. In the 
forward-bias region, current rises 
rapidly as the voltage is increased 
and is quite high. Current in the 
reverse-bias region is usually much 
lower. Excessive voltage (bias) in 
either direction should be avoided in 
normal applications because exces¬ 
sive currents and the resulting high 
temperatures may permanently dam¬ 
age the solid-state device. 



Fig. 8 — Voltage-current characteristic for 
a p-n junction. 


Diodes 

The simplest type of solid-state 
devce is the diode, which is repre¬ 
sented by the symbol shown in Fig. 

9. Structurally, the diode is basically 
a p-n junction similar to those shown 
in Fig. 7. The n-type material which 
serves as the negative electrode is 
referred to as the cathode, and the 
p-type material which serves as the 
positive electrode is referred to as 
the anode. The arrow symbol used 
for the anode represents the direc¬ 
tion of “conventional current flow”; 

n-TYPE P-TYPE 

MATERIAL 

-o 

CATHODE ANODE 

92CS-2I2I6 

Fig. 9—Schematic symbol for a solid- 
state diode. 

electron current flows in a direction 
opposite to the arrow. 

Because the junction diode con¬ 
ducts current more easily in one 
direction than in the other, it is an 
effective rectifying device. If an ac 
signal is applied, as shown in Fig. 

10, electron current flows freely dur¬ 
ing the positive half cycle, but little 
or no current flows during the nega¬ 
tive half cycle. 





INPUT 
SIGNAL (^) 


LOAD 


92CS-2I2I7 

Fig. 10—Simple diode rectifying circuit. 

Silicon Rectifiers 

One of the most widely used types 
of solid-state diode is the sili¬ 
con rectifier. These devices are avail¬ 
able in a wide range of current 
capabilities, ranging from tenths of 
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an ampere to several hundred am¬ 
peres or more, and are capable of 
operation at voltages as high as 1000 
volts or more. Parallel and series 
arrangements of silicon rectifiers 
permit even further extension of cur¬ 
rent and voltage limits. 

Zener diodes are silicon rectifiers 
in which the reverse current remains 
small until the breakdown voltage 
is reached and then increases rapidly 
with little further increase in volt¬ 
age. The schematic symbol for a 
zener diode is shown in Fig. 11; a 
typical zener characteristic curve is 
shown in Fig. 12 in comparison with 
that of a rectifying diode. The 
breakdown voltage is a function of 
the diode material and construction, 
and can be varied from one volt to 
several hundred volts for various 
current and power ratings, depend¬ 
ing on the junction area and the 
method of cooling. Zener diodes are 
useful as stabilizing devices and as 
reference voltage sources. 

Current stability in a transistor 
can be achieved by use of a com¬ 
pensating diode. Because the for¬ 
ward characteristic of a compen¬ 
sating diode is similar to the 
transfer characteristics of a tran¬ 
sistor, the diode can maintain tran¬ 
sistor bias voltages within ±0.015 
volt of a desired value despite 
supply-voltage variations up to 40 
per cent and simultaneously com¬ 
pensate for a wide range of ambient- 
temperature variations. 



92CS-21303 


Fig. 11—Schematic symbol for a zener 
diode. 




(b) 

92CS-2I304 


Fig. 12—Typical characteristic curves for 
(a) a rectifying diode and (b) a zener 
diode. 

N-P-N AND P-N-P STRUCTURES 

Fig. 7 shows that a p-n junction 
biased in the reverse direction is 
equivalent to a high-resistance ele¬ 
ment (low current for a given ap¬ 
plied voltage), while a junction 
biased in the forward direction is 
equivalent to a low-resistance ele¬ 
ment (high current for a given ap¬ 
plied voltage). Because the power 
developed by a given current is 
greater in a high-resistance element 
than in a low-resistance element 
(P = PR), power gain can be ob¬ 
tained in a structure containing two 
such resistance elements if the cur¬ 
rent flow is not materially reduced. 
A device containing two p-n junc¬ 
tions biased in opposite directions 
can operate in this fashion. 
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Bipolar Transistors 

All bipolar transistors consist of 
three layers of semiconductor ma¬ 
terial (usually silicon) referred to 
as emitter, base, and collector. The 
resultant structure forms two back- 
to-back p-n junctions. The input 
(emitter-base) junction serves as 
the source, or injector, of current 
carriers; the output (base-collector) 
junction collects the injected cur¬ 
rent carriers. During normal opera¬ 
tion, the emitter-base p-n junction 
is forward-biased, and the collector- 
base p-n junction is reverse-biased. 

As explained in the section on 
Silicon Rectifiers, a p-n junction 
biased in the reverse direction is 
equivalent to a high-resistance ele¬ 
ment, while a junction biased in the 
forward direction is equivalent to 
a low-resistance element. The elec¬ 
tric field across the forward-biased 
junction overcomes the energy bar¬ 
rier at the junction and causes holes 
to be injected into the n-type re¬ 
gion and electrons to be injected 
into the p-type region. Because of 
the large number of free electrons 
in the n-type region and of holes in 
the p-type region, the injected holes 
and electrons are referred to as 
minority-charge carriers. A for¬ 
ward-biased p-n junction, therefore, 
is a minority-carrier injector, and 
the number of minority carriers in¬ 
jected is dependent upon the mag¬ 
nitude of the forward-bias voltage. 

Charge-Carrier Flow—When a 
symmetrical p-n junction is forward- 
biased, the lifetime of the injected 
minority carrier is very short. Be¬ 
cause of the many free electrons in 
the n-type region, a hole injected 
into this region is not likely to pene¬ 
trate very far before it meets an 
electron and is annihilated (i.e., 
neutralized), as shown in Fig. 13. 
Similarly, any electron injected into 
the p-type region is usually quickly 
neutralized by one of the numerous 
holes in this region. In a symmetri¬ 
cal p-n junction, therefore, injected 
minority carriers cannot penetrate 


very far or last very long before 
they are annihilated. 


RECOMBINATION RECOMBINATION 

TAKES PLACE HERE TAKES PLACE HERE 



REGION REGION 

92CS-25282 

Fig. 13—Diagram showing that recom¬ 
bination limits travel of injected carriers 
in a symmetrical forward-biased p-n junc¬ 
tion. 

Fig. 14(a) shows a nonsymmetri- 
cal p-n junction in which the n-type 
region is made very thin and the 
p-type region is much more heavily 
doped. When this junction is for¬ 
ward-biased, an injected hole is 
much less likely to be annihilated 


HIGHLY MOST INJECTED 

DOPED HOLES REACH 



HIGHLY MOST INJECTED 

DOPED ELECTRONS REACH 



Fig. 14—Diagrams showing that (a) hole 
injection is improved by unequal doping 
and a thin n-type section and (b) electron 
injection is improved by unequal doping 
and a thin p-type section. 
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by an electron before it crosses to 
the end of the thin n-type region. 
Moreover, because of the heavy dop¬ 
ing of the p-type region, more holes 
are injected into the n-type region 
than there are free electrons in this 
thin region. Consequently, even 
though some injected holes are an¬ 
nihilated by free electrons, most of 
them are able to survive and pene¬ 
trate the full width of the n-type 
region, as shown in Fig. 14(a). 
Similarly, in a forward-biased p-n 
junction in which the p-type region 
is very thin and the n-type region is 
much more heavily doped, an in¬ 
jected electron is unlikely to meet 
(and be neutralized by) a hole be¬ 
fore it penetrates to the end of the 
thin p-type region, as shown in 
Fig. 14(b). 

In bipolar transistors, a thin 
lightly doped semiconductor layer 
(base region), is sandwiched be¬ 
tween two wider (emitter and col¬ 
lector) semiconductor layers that 
are much more heavily doped with an 
opposite type of impurity from the 
dopant used in the thin base layer. 
The two nonsymmetrical back-to- 
back p-n junctions that result may 
form either a p-n-p or an n-p-n 
transistor. Fig. 15 shows the layer 
structure and the corresponding 
schematic symbol for each type of 
transistor. 

N-P-N Types—Fig. 16 shows the 
basic biasing arrangements for an 
n-p-n bipolar transistor. External 
batteries bias the emitter-base (n-p) 
junction in the forward direction to 
provide a low-resistance input sec¬ 
tion, and bias the base-collector 
(p-n) junction in the reverse direc¬ 
tion to provide a high-resistance 
output section. Electrons flow easily 
from the n-type emitter region to 
the p-type base region as a result of 
the forward biasing. Most of these 
electrons diffuse through the thin 
p-type region, however, and are at¬ 
tracted by the positive potential of 
the external bias supply across the 
base-collector (p-n) junction. In 
practical devices, approximately 95 


EMITTER BASE COLLECTOR 

\ i / 

- p n p - 



EMITTER BASE COLLECTOR 

\ i / 

- n p n - 



92CS-25284 

Fig. 15—Transistor nomenclature and sym¬ 
bols: (a) p-n-p type; (b) n-p-n type: 

to 99.5 per cent of the injected elec¬ 
trons reach the n-type collector re¬ 
gion. This high percentage of cur¬ 
rent penetration makes possible 
power gain in the high-resistance 
output circuit and is the basis for 
the amplification capability of a 
transistor. 



Fig. 16—Basic biasing and input-signal 
connections for an n-p-n transistor. 
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P-N-P Types—The operation of a 
p-n-p transistor is essentially iden¬ 
tical to that of an n-p-n transistor 
except that hte polarities of the bias 
voltages are reversed and the main 
current carriers are holes instead 
of electrons. Fig. 17 shows the basic 
biasing and input-signal connections 
for a p-n-p transistor. 



Fig. 17—Basic biasing and input-signal 
connections for a p-n-p transistor. 


Diacs 

A diac is a two-electrode, three- 
layer bidirectional avalanche diode 
that can be switched from the off 
state to the on state for either 
polarity of applied voltage. Fig. 18 
shows the junction diagram and 
schematic symbol for a diac; Fig. 19 
shows the voltage-current charac¬ 
teristic. 



Fig. 18 — (a) Junction diagram and (b) 
schematic symbol for a diac. 


This three-layer trigger diode is 
similar in construction to a bi¬ 
polar transistor, but differs from 
it in that the doping concentrations 
at the two junctions are approxi¬ 
mately the same and there is no 


contact made to the base layer. The 
equal doping levels result in a sym¬ 
metrical bidirectional switching 
characteristic, as shown in Fig. 19. 
When an increasing positive or 
negative voltage is applied across 
the terminals of the diac, a mini¬ 
mum (leakage) current I(bo) flows 
through the device until the voltage 
reaches the breakover point V(bo). 
The reverse-biased junction then 
undergoes avalanche breakdown and, 
beyond this point, the device ex¬ 
hibits a negative-resistance charac¬ 
teristic, i.e., current through the de¬ 
vice increases substantially with 
decreasing voltage. 



Fig. 19 — Voltage-current characteristic 
for a diac. 

Diacs are primarily used as trig¬ 
gering devices in thyristor phase- 
control circuits used for light dim¬ 
ming, universal motor-speed control, 
heat control, and similar applica¬ 
tions. Fig. 20 shows the general cir¬ 
cuit diagram for a diac/triac phase- 
control circuit. 



Fig. 20—General circuit diagram for a 
diac/triac phase-control circuit. 
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FIELD-EFFECT TRANSISTORS 

The field-effect transistor is an¬ 
other type of solid-state device that 
is becoming increasingly popular in 
electronic circuits. These transistors 
derive their name from the fact that 
current flow in them is controlled 
by variation of an electric field es¬ 
tablished by application of a voltage 
to a control electrode, referred to as 
the gate. In contrast, current flow 
in bipolar transistors is controlled 
by variation of the current injected 
into the base terminal. Moreover, 
the performance of bipolar transis¬ 
tors depends on the interaction of 
two types of charge carriers (holes 
and electrons). Field-effect transis¬ 
tors, however, are unipolar devices; 
as a result, their operation is basic¬ 
ally a function of only one type 
of charge carrier, holes in p- 
channel devices and electrons in n- 
channel devices. 

A charge-control concept can be 
used to explain the basic operation 
of field-effect transistors. A charge 
on the gate (control electrode) in¬ 
duces an equal, but opposite, charge 
in a semiconductor layer, referred 
to as the channel, located directly 
beneath the gate. The charge in¬ 
duced in the channel controls the 
conduction of current through the 
channel and, therefore, between the 
source and drain terminals which 
are connected to opposite ends of the 
channel. 

Discrete-device field-effect tran¬ 
sistors are classified, on the basis of 
their conrol-gate construction, as 
either junction-gate types or metal- 
oxide-semiconductor types. Although 
both types operate on the basic prin¬ 
ciple that current conducton is con¬ 
trolled by variation of an electric 
field, the significant difference in 
their gate construction results in 
unique characteristics and advan¬ 
tages for each type. 


as JFET’s, may be either n-channel 
or p-channel devices. Fig. 21 shows 
the structure of an p-channel junc¬ 
tion-gate field-effect transistor, to¬ 
gether with the schematic symbols 
for both n-channel and p-channel 
versions of these devices. The struc¬ 
ture for a p-channel device is iden¬ 
tical to that of an n-channel device 
with the exception that n- and p- 
type semiconductor materials are 
replaced by p- and n-type materials, 
respectively. 

In both types of junction-gate 
devices, a thin channel under the 
gate provides a conductive path be¬ 
tween the source and drain termi¬ 
nals with zero gate-bias voltage. 
A p-n junction is formed at the 
interface of the gate and the 
source-to-drain layer. When this 
junction is reverse-biased, current 
conduction in the channel between 
the source and drain terminals is 
controlled by the magnitude of re¬ 
verse-bias voltage, which if sufficient 


GATE TERMINAL 





(b) 
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Junction-Gate Types 

Junction-gate field-effect transis¬ 
tors, which are commonly referred to 


Fig. 21 — Junction-gate field-effect transis¬ 
tor (JFET): (a) side-view cross section of 
an n-channel device; (b) schematic symbols 
for n- and p-channel devices. 
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can virtually cut off the flow of cur¬ 
rent through the channel. If the 
junction becomes forward-biased, 
the input resistance (i.e., resistance 
between the gate and the source- 
to-drain layer) decreases sharply, 
and an appreciable amount of gate 
current flows. Under such condi¬ 
tions, the gate loading reduces the 
amplitude of the input signal, and 
a significant reduction in power gain 
results. This characteristic is a 
major disadvantage of junction-gate 
field-effect transistors. Another un¬ 
desirable feature of these devices 

n-CHANNEL 


( EXISTS ONLY WHEN 




n-CHANNEL 



p-CHANNEL 


92CS-2529I 

Fig. 22 — Enhancement-type metal-oxide- 
semiconductor field-effect transistor (MOSf 
FET): (a) side-view cross section of an 
n-channel device; (b) schematic symbols 
of n- and p-channel devices. 


is that the leakage currents across 
the reverse-biased p-n junction can 
vary markedly with changes in am¬ 
bient temperature. This latter fac¬ 
tor tends to complicate circuit de¬ 
sign considerations. Nonetheless, the 
junction-gate field-effect transistor 
is a very useful device in many 
small-signal-amplifier and chopper 
applications. 

Metal-Oxide-Semiconductor 

Types 

Figs. 22 and 23 shows the struc¬ 
tures and schematic symbols for both 


OXIDE 

INSULATION 




n-CHANNEL 



P-CHANNEL 

(b) 

92CS-25292 

Fig. 23 — Depletion-type metal-oxide-semi¬ 
conductor field-effect transistor (MOS/ 
FET): (a) side-view cross section of an 
n-channel device; (b) schematic symbols 
for n- and p-channel devices. 
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enhancement and depletion types 
of metal-oxide-semiconductor field- 
effect transistors (MOS/FET’s). In 
these devices, the metallic gate is 
electrically insulated from the semi¬ 
conductor surface by a thin layer of 
silicon dioxide. These devices, which 
are commonly referred to as MOS 
field-effect transistors or, more sim¬ 
ply, as MOS transistors, derive their 
name from the tri-layer construction 
of metal, oxide, and semiconductor 
material. Insulation of the gate 
from the remainder of the transis¬ 
tor structure results in an exceed¬ 
ingly high input resistance (i.e., in 
the order of 10’^ ohms). It should 
be realized that the metal gate and 
the semiconductor channel form a 
capacitor in which the oxide layer 
serves as the dielectric insulator. 

The marked differences in the 
construction of enhancement and de¬ 
pletion types of MOS field-effect 
transistors, as is apparent from a 
comparison of Figs. 22(a) and 
23(a), results in significant differ¬ 
ences in the characteristics of these 
devices and, therefore, in the appli¬ 
cations in which they are normally 
employed. 

As indicated by the interruptions 
in the channel line of the schematic 
symbols shown in Fig. 22(b), en¬ 
hancement-type MOS field-effect 
transistors are characterized by the 
fact that they have a “normally 
open” channel so that no useful 
channel conductivity exists for either 
zero or reverse gate bias. Conse¬ 
quently, this type of device is ideal 
for use in digital and switching ap¬ 
plications. The gate of the enhance¬ 
ment type of MOS field-effect tran¬ 
sistor must be forward-biased with 
respect to the source to produce the 
active charge carriers in the channel 
required for conduction. When suffi¬ 
cient forward-bias (positive) volt¬ 
age is applied to the gate of an 
n-channel device, the region under 
the gate changes from p-type to n- 
type and provides a conduction path 
between the n-type source and drain 
regions. Similarly, in p-channel de¬ 
vices, application of sufficient nega¬ 


tive gate voltage draws holes into 
the region below the gate so that 
this channel region changes from 
n-type to p-type to provide a source- 
to-drain conduction path. 

The technology for enhancement- 
type MOS field-effect transistors is 
making its greatest impact in the 
fabrication of integrated circuits for 
digital applications, particularly in 
large-scale-integration. (LSI) cir¬ 
cuits. 

Depletion-type MOS field-effect 
transistors are characterized by the 
fact that, with zero gate bias, the 
thin channel under the gate region 
provides a conductive path between 
the source and drain terminals. In 
the schematic symbols for these de¬ 
vices, shown in Fig. 23(b), the chan¬ 
nel line is drawn continuous to in¬ 
dicate this “normally on” condition. 
When the gate is reverse-biased 
(negative with respect to the source 
for n-channel devices, or positive 
with respect to the source for p- 
channel devices), the channel can 
be depleted of charge carriers; con¬ 
duction in the channel, therefore, can 
be cut off if the gate potential is 
sufficiently high. 

A unique characteristic of deple¬ 
tion-type MOS transistors is that 
addtional charge carriers can be 
produced in the channel and, there¬ 
fore, condnction in the channel can 
be increased by application of for¬ 
ward bias to the gate. No reduction 
in power gain occurs under these 
conditions, as is the case in junction- 
gate field-effect transistors, because 
the oxide insulation between the 
gate and the source-to-drain layer 
blocks the flow of gate current even 
when the gate is forward-biased. 

The diagram shown in Fig. 23(a) 
illustrates the structure of a single¬ 
gate depletion-type MOS field-effect 
transistor. Depletion-type MOS field- 
effect transistors that have two in¬ 
dependent insulated gate electrodes 
are also available. These devices of¬ 
fer unique advantages and repre¬ 
sent the most important category of 
MOS field-effect transistors. 
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Fig. 24(a) shows a cross-sectional 
diagram of an n-chanel depletion- 
type dual-gate MOS field-effect tran- 
sstor. The transistor includes three 
terminating (n-diffused) regions con¬ 
nected by two conductive channels, 
each of which is controlled by its 
own independent gate terminal. For 
convenience of explanation, the tran¬ 
sistor is shown divided into two 
units. Unit No. 1 consists of the 
source, gate No. 1, channel No. 1, 
and the central n-region which func- 
tiot s as drain No. 1. These elements 
act as a conventional single-gate 
depletion-type MOS field-effect tran¬ 
sistor for which unit No. 2 functions 
as a load resistor. Unit No. 2 con¬ 
sists of the central n-region, which 
functions as source No. 2, gate No. 
2, channel No. 2, and the drain. This 
unit may also be used as an inde¬ 
pendent single-gate transistor for 
which unit No. 1 acts as a source 
resistor. Fig. 24(b) shows the sche¬ 
matic symbol for an n-channel dual¬ 
gate MOS field-effect transistor. 
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Fig. 24 — Dual-gate n-channel depletion- 
type metal-oxide-semiconductor field-effect 
transistor (MOS/FET): (a) side-view cross 
section; (b) schematic symbol. 


Equivalent-circuit representations 
of the two units in a dual-gate MOS 
transistor are shown in Fig. 25. 
Current can be cut off if either gate 
is sufficiently reverse-biased with 
respect to the source. When one gate 



UNIT NO. 2 


UNIT NO. I 



(a) 


(b) 
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Fig. 25 — Equivalent-circuit representation 
of the two units in a dual-gate MOS 
field-effect transistor. 

is biased to cutoff, a change in the 
voltage on the other gate is equiva¬ 
lent to a change in the value of a 
resistor in series with a cut-off 

J'T'Qn Cl cfrw 

The dual-gate MOS field-effect 
transistor provides exceptional ver¬ 
satility for circuit applications. The 
independent pair of gates makes this 
device attractive for use in rf ampli¬ 
fiers, gain-controlled amplifiers, mix¬ 
ers, and demodulators. In a gain- 
controlled amplifier, the signal is 
applied to gate No. 1, and the gain- 
control voltage is applied to gate No. 
2. This arrangement is recommended 
because the forward transconduct¬ 
ance obtained with gate No. 1 is 
higher than that obtained with gate 
No. 2. Moreover, unit No. 2 is very 
effective for isolation of the drain 
and gate No. 1. This unit provides 
sufficient isolation so that the dual¬ 
gate devices can be operated at fre¬ 
quencies into the uhf range without 
the need for neutralization. 
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P-N-P-N STRUCTURES 
(THYRISTORS) 

When alternate layers of p-type 
and n-type semiconductor materials 
are arranged in a series array, vari¬ 
ous types of thyristors can be pro¬ 
duced. The term thyristor is the 
generic name for solid-state de¬ 
vices that have electrical charac¬ 
teristics similar to those of thyratron 
tubes. Three popular types of thy¬ 
ristors are the reverse-blocking 
triode thyristor called the silicon 
controlled rectifier (SCR), the bi¬ 
directional triode ^thyristor, called 
the triac, and a four-terminal thy¬ 
ristor called the bilateral switch. 

Silicon Controlled Rectifiers 


Just as a transistor may be con¬ 
sidered as basically a solid-state 
diode with a third semiconductor 
layer added to form two back-to- 
back diode junctions, the SCR may 
be considered as a transistor with an 
additional semiconductor region. 
Simple models of the “lower order” 
devices may be analyzed, therefore, 
to show the effect of the additional 
semiconductor regions on the opera¬ 
tion of the devices. 

An SCR is basically a four-layer 
p-n-p-n unidirectional device de¬ 
signed to provide bistable switching 
when operated in the forward-bias 
mode. The device has three elec¬ 
trodes, referred to as the cathode, 
the anode, and the gate. The gate is 
the control electrode for the device. 
For forward-bias operation, the 
anode potential must be positive with 
respect to the cathode. During nor¬ 
mal operation, the SCR is turned 
on by application of a positive volt¬ 
age to the gate electrode. The SCR 
then remains on, even though the 
gate voltage is removed or made 
negative, until the anode-to-cathode 
voltage is reduced to a value below 
that required to sustain regenera¬ 
tion, or forward current. Faster 
turn-off can be achieved by a re¬ 
versal of the forward-current flow. 


As shown in Fig. 26, the basic 
p-n-p-n SCR structure is analogous 
to a pair of complementary n-p-n 
and p-n-p bipolar transistors. Fig. 
26(a) shows the schematic symbols 
for an SCR and equivalent connec¬ 
tion of the complementary pair of 
transistors, and Fig. 26(b) shows 
the equivalent relationship of the 
p-n-p-n SCR structure and the in¬ 
terconnected transistor structures. 
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Fig. 26—T wa-transistor analogy of an 
SCR: (a) schematic symbols of an SCR 
and the equivalent two-transistor model; 
(b) structure of an SCR and of the equiva¬ 
lent two-transistor model. 

The n-p-n and p-n-p transistors in 
the equivalent model are intercon¬ 
nected so that regenerative action 
occurs when a proper gating signal 
is applied to the base of the n-p-n 
transistor. 

When the two-transistor model is 
connected in a circuit to simulate 
normal SCR operation, the emitter 
of the p-n-p transistor is returned 
to the positive terminal of a dc sup¬ 
ply through a limiting resistor R 2 , 
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and the emitter of the n-p-n tran¬ 
sistor Qa is returned to the negative 
terminal of the dc supply to pro¬ 
vide a complete electrical path, as 
shown in Fig. 27. When the model 

LIMITING RESISTOR 



Fig. 27 — Two-transistor model connected 
to show a complete electrical path. 

is in the off state, the initial value 
of principal-current flow is zero. If 
a positive pulse is then applied to 
the base of the n-p-n transistor, the 
transistor turns on and forces the 
collector (which is also the base of 
the n-p-n transistor) to a low po¬ 
tential; as a result, a current la be¬ 
gins to flow. Because the p-n-p tran¬ 
sistor Qi is then in the active state, 
its collector current flows into the 
base of the n-p-n transistor (Id = 
Ibs) and sets up the conditions for 
regeneration. If the external gate 
drive is removed, the model remains 
in the on state as a result of the di¬ 
vision of currents associated with 
the two transistors, provided that 
sufficient principal current (la) is 
available. 

Theoretically, the model shown in 
Fig. 27 remains in the on state un¬ 
til the principal current flow is re¬ 
duced to zero. Actually, turn-off oc¬ 
curs at some value of current 
greater than zero. This effect can 
be explained by observation of the 
division of currents as the value of 
the limiting resistor is gradually in¬ 
creased. As the principal current is 
gradually reduced to the zero cur¬ 
rent level, the division of currents 
within the model can no longer sus¬ 


tain the required regeneration, and 
the model reverts to the blocking 
state. 

The two-transistor model illus¬ 
trates three features of thyristors: 
(1) a gate trigger current is re¬ 
quired to initiate regeneration, (2) 
a minimum principal current (re¬ 
ferred to as “latching current”) 
must be available to sustain regen¬ 
eration, and (3) reduction of prin¬ 
cipal-current flow results in turn-off 
at some level of current flow (re¬ 
ferred to as “holding current”) that 
is slightly greater than zero. 

Fig. 28 shows the effects of a re¬ 
sistive termination at the base of the 
n-p-n transistor on the latching and 
holding currents. The collector cur¬ 
rent through the p-n-p transistor 
must be increased to supply both the 
base current for the n-p-n transistor 
and the shunt current through the 
terminating resistor. Because the 
principal-current flow must be in¬ 
creased to supply this increased col¬ 
lector current, latching and holding 
current requirements also increase. 
The use of the two-transistor model 
provides a more concise meaning to 
the mechanics of thyristors. In thy¬ 
ristor fabrication, it is generally 
good practice to use a low-beta p-n-p 
unit and to include internal resis¬ 
tance termination for the base of 
the n-p-n unit. Termination of the 
n-p-n provides immunity from 


LIMITING RESISTOR 



Fig. 28 — Two-transistor model of SCR 
with resistive termination of the n-p-n 
transistor base. 
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‘"false^^ (non-gated) turn-on, and 
the use of the low-beta p-n-p units 
permits a wider base region to be 
used to support the high voltage 
encountered in thyristor applica¬ 
tions. 


Triacs 
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A triac is a bidirectional device 
designed to provide bilateral switch¬ 
ing characteristics for either polar¬ 
ity of applied voltage. The three 
electrodes of this device are re¬ 
ferred to as main terminal 1, 
main terminal 2, and the gate. 
The gate is specially designed so 
that either positive or negative gate 
voltage can trigger the triac into 
conduction for either polarity of 
the voltage across the main termi¬ 
nals. As with the SCR, however, 
once the triac is turned on, the gate 
has no further control. The device 
remains in the on state until the 
current through the main terminals 
is reduced below the value required 
to sustain conduction. Unlike the 
SCR, however, the triac cannot be 
turned olf by a reversal of the po¬ 
larity of the voltage across the main 
terminals. A reversal of this volt¬ 
age merely causes current to flow in 
the opposite direction. The triac, 
therefore, exhibits the forward¬ 
blocking/forward-conducting volt- 
age-current characteristic of the 
SCR structure for either direction 
of voltage applied to the main termi¬ 
nals. Fig. 29 shows the junction dia¬ 
gram and schematic symbol for a 
triac. 

Functionally, a triac may be con¬ 
sidered as two parallel SCR 
(p-n-p-n) structures oriented in 
opposite directions, as shown in Fig. 
30. The same approach used to ex¬ 
plain gating, latching, and holding 
currents in the SCR can be extended 
to include the two-SCR model of a 
triac. 

In triacs, the gate-trigger-pulse 
polarity is usually measured with 
respect to main terminal No. 1, 
which is comparable to the cathode 


6 
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(CASE) 

(b) 
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Fig. 29—Junction diagram (a) and sche¬ 
matic symbol (b) for a triac. 

terminal of an SCR. The triac can 
be triggered by a gate-trigger pulse 
which is either positive or negative 
with respect to main terminal No. 1 
when main terminal No. 2 is either 
positive or negative with respect to 
main terminal No. 1. The triac, 
therefore, can be triggered in any 
of four operating modes, as sum¬ 
marized in Table I. The quadrant 
designations refer to the operating 
quadrant on the principal voltage- 
current characteristics (either I or 
III), and the polarity symbol rep¬ 
resents the gate-to-main-terminal- 
No. 1 voltage. Fig. 31 shows the 
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Fig. 30—Diagram of a triac structure 
which shows that this device is basically 
two SCR's structures in an inverse parallel 
arrangement. 
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Table I—^Triac Triggering 
Modes 


Gate-to-Main- 
Terminal-No. 1 
Voltage 

Main-Terminal-No. 2-to- Operating 
Main-Terminal-No. 1 Quadrant 
Voltage 

Positive 

Positive 

i(+) 

Negative 

Positive 

i(-) 

Positive 

Negative 

m(+) 

Negative 

Negative 

ni(-) 


flow of current in a triac for each 
of the four triggering inodes. 

The gate-trigger requirements of 
the triac are different in each op¬ 


erating mode. The I( + ) mode (gate 
positive with respect to main termi¬ 
nal No. 1 and main terminal No. 2 
positive with respect to main termi¬ 
nal No. 1), which is comparable to 
equivalent SCR operation, is usu¬ 
ally the most sensitive. The smallest 
gate current is required to trigger 
the triac in this mode. The other 
three operating modes require 
slightly higher gate-trigger cur¬ 
rents. For RCA triacs, the maxi¬ 
mum trigger-current rating in the 
published data is the largest value 
of gate current that is required to 
trigger the selected device in any 
operating mode. 



(a) 
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Fig. 31—Current flow in the four triggering modes of a triac: (a) Mode 
(b) Mode I(-); (c) Mode ///f+j; (d) Mode III(-). 
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Bilateral Switch 

A bilateral switch is a four-layer, 
p-n-p-n device in which all layers 
are accessible as shown in the junc- 
ton diagram in Fig. 32. Fig. 33 
shows the forward-bias anode-to- 
cathode characteristics of the device. 
The switch can be turned on by ap¬ 
plication of a forward bias voltage, 
or by increasing the anode current 
through the application of a current 
to either of the gates. The latter 
method permits the switch to be 
turned on even when the junction 
voltages are well below breakdown. 
Once the bilateral switch is turned 
on, it stays on until the anode cur¬ 
rent decreases below a value called 
the holding current. To turn the 
switch off, the anode current may 
be reduced below the holding value 
by reverse-biasing the anode, by di¬ 
verting the current by means of a 
shunt current path, or by includ¬ 
ing the switch in an under-damped 
tuned circuit. 
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Fig. 32 — (a) Junction diagram and (b) 
schematic symbol for a bilateral switch. 



92CS-25302 

Fig. 33 — Forward-bias anode-to-cathode 

characteristics of a bilateral switch. 

Bilateral switch applications in¬ 
clude voltage-level detectors, bistable 
memory elements, binary counters, 
shift registers, time delay, pulse, and 
tone generators, relay drivers, and 
indicator lamp drivers. 

INTEGRATED CIRCUITS 

The distinguishing feature of any 
integrated circuit (IC) is that all 
(or nearly all) the components (ac¬ 
tive and passive) required to per¬ 
form a particular electronic func¬ 
tion are combined and interconnected 
on a common substrate. Viewed 
macroscopically, the constituent ele¬ 
ments of an IC lose their identities 
as discrete components, and the de¬ 
vice assumes the appearance of a 
'‘microminiaturized’’ function block. 
In comparison to its discrete-com¬ 
ponent counterpart, an integrated 
circuit offers equipment designers 
an essentially complete solid-state 
circuit in a package not signifi¬ 
cantly larger than that of a con¬ 
ventional discrete transistor. In ad¬ 
dition to reducing the size and 
weight of electronic equipment, use 
of an integrated circuit can pro¬ 
vide enhanced performance and has 
established new plateaus of reliabil¬ 
ity, at reduced costs. An integrated 
circuit, therefore, may be defined as 
“a combination of interconnected 
circuit elements inseparably asso¬ 
ciated on or within a continuous 
substrate” (e.g., a silicon “chip”). 
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Basic Principle of Integration these components on a single (mono¬ 
lithic) small “clip’^ of silicon, housed 
in a single small package, as shown 
An integrated circuit is an elec- in Fig. 36. Furthermore, the three 

tron device capable of performing an components are already electrically 

electronic function normally accom- interconnected by means of metallic 

plished by interconnection of sev- wiring on the silicon clip. Elemen- 

eral individual electronic components tary descriptions of the techniques 

such as transistors, resistors, ca- by which this integration is accom- 

pacitors, and the like. For the pur- plished are presented in a later sec- 

pose of illustration, it can be as- tion of this manual, 

sumed that the very elementary The simple illustration just de- 
transistorized amplifier shown in scribed is intended to convey the 

Fig. 34 is to be redesigned to use a principle of integration, but it does 

monolithic integrated circuit instead not describe the magnitudes of cir- 

of individual (discrete) electronic cuitry which may be encompassed 

components. This simple amplifier by an integrated circuit. The mono¬ 
employs one discrete n-p-n transis- lithic integrated circuit capitalizes 

tor and two discrete resistors (Ri on the economies inherent in “batch” 

and Rl), or a total of three discrete fabrication of electronic elements on 

electronic components, as shown in the surface of a “single stone” 

Fig. 35. Integrated-circuit tech- (monolith). For example, contem- 

nology permits the integration of porary monolithic integrated cir- 
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Fig. 34—Schematic diagram of elementary transistor amplifier. 
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Fig. 35—Examples of **discrete” electronic components. 
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Fig. 36—Typical package for monolithic 
integrated circuits. 

cuits are fabricated on a single chip 
of silicon with dimensions in the 
order of 0.1 inch square and 0.01 
inch thick. A chip of these dimen¬ 
sions may contain a ‘^population^^ 
in the order of 1000 interconnected 
electronic elements. As the tech¬ 
nology advances, the dimensions of 
a practical chip can be expected to 
increase, with corresponding in¬ 
creases in ^‘population”, density, and 
circuit complexity. 

Illustrative Examples 

Integrated circuits are frequently 
classified in terms of their functional 
end-use for either linear or digital 
circuit applications. Linear (or ana¬ 
log) types are a family of circuits 
that operates on an electrical signal 
to change its shape, increase its am¬ 
plitude, or modify it for a specific 
end-function. Digital types are a 


family of circuits that operates ef¬ 
fectively as “on-off” switches, in ac¬ 
cordance with the absence or pres¬ 
ence of a signal. 

With the advent of more complex 
integrated circuits, however, even 
this distinction is becoming out¬ 
moded. For example, the process 
of decoding composite stereo audio 
signals from an FM receiver into 
“left” and “right” audio signals 
has usually been considered as a 
task for analog circuitry. Never¬ 
theless, a complex integrated-circuit 
stereo multiplex decoder (Type 
CA3090AQ) employs three complex 
digital flip-flops to actuate the ana¬ 
log circuits with fewer external 
components. Such intermixtures of 
linear and digital circuits on a mono¬ 
lithic chip will become more common. 

Two illustrative examples of in¬ 
tegrated circuits and their applica¬ 
tions are reviewed in the following 
paragraphs as introductions to prac¬ 
tical devices for linear- and digital- 
circuit service. 

Linear IC In Voltage Regulator 
Application—The circuit in Fig. 37 
shows the simplicity with which a 
monolithic linear integrated circuit 
(Type CA3085) can be used to de¬ 
sign a high-performance voltage 
regulator capable of delivering out¬ 
put current up to 100 milliamperes. 
The number of individual compo- 



RIPPLE < 0.5 mV AT FULL LOAD 

Fig. 37—Application of the CA3085 Series monolithic IC voltage regulator in a typical 

power supply. 
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nents required to construct this regu¬ 
lator circuit is minimal in compari¬ 
son to the requirements for a 
regulator of similar characteristics 
built with discrete components. The 
high-valued capacitors are used for 
ripple-filtering; the output voltage 
required is selected by the 10 -Kilohm 
potentiometer. 

The actual circuit schematic of 
the elements comprising the CA3085 
integrated circuit, shown in Fig. 38, 
reveals that this integrated circuit 
contains two zener diodes, five diodes, 
eleven transistors, and five resis¬ 
tors. Circuitry to the left of transis¬ 
tor Q 5 provides a stable reference 
voltage of 1.6 volts (typical) to 
the base of Qs despite variations 
of the unregulated input voltage 
over the range from 7.5 to 40 volts. 
Transistors Qs and Qr, comprise the 
basic differential amplifier that is 
used as a voltage-error amplifier to 
compare the stable reference voltage 
applied at the base of Qs with a 
sample of the regulator output volt¬ 
age applied at terminal 6 . This volt¬ 
age-error amplifier stage controls 
the Darlington-pair transistors Q 13 
and Qi 4 that perform the basic 
series-pass regulation function be¬ 
tween the unregulated input voltage 
at terminal 5 and the regulated out¬ 
put voltage at terminal 1. Transis¬ 
tor Qis is used to provide current- 


limiting as protection for the 
integrated circuit and/or to limit 
the load current. 

All the circuitry in Fig. 38 is in¬ 
tegrated on the single silicon chip 
(0.05-inch square) shown in Fig. 39. 
Metallic wiring is used on the sur¬ 
face of the chip to interconnect the 
various components and terminate 
at the edge of the chip as metallic 
terminal connections (called bond¬ 
ing pads) for 1.5-mil-diameter 
aluminum wires which are used to 
connect the integrated-circuit chip 
to its case terminals, as shown in 
Fig. 40. The assembly is completed 
by welding a metal-cap to the pack¬ 
age-stem, providing a hermetic pack¬ 
age with the chip sealed in an 
atmosphere of dry nitrogen. A 
completed TO-5 style integrated- 
circuit package is shown in Fig. 
41(a). 

Although the linear circuit shown 
in Figs. 38 and 39 is not the most 
complex being produced today, it is 
typical of linear integrated circuits 
being supplied in high-volume quan¬ 
tities at prices which are rapidly 
forcing the abandonment of linear 
circuit designs that use discrete 
small-signal transistors. The degree 
of integration achievable in linear 
monolithic integrated circuits is al¬ 
ready sufficiently comprehensive to 
permit high-volume production of 



Fig. 38—Schematic diagram of CA3085 Series monolithic 1C voltage regulator. 
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Fig. 39—IC "chip” (= 0:05" square) for 
CA3085 Series voltage regulator. 


single packages that contain the 
electronics for the entire “pix-if” 
portion of a TV receiver or the de¬ 
coding function for an AM stereo 
receiver. Bipolar transistor tech¬ 
nology has been responsible for the 
spectacular development of lineal 
integrated circuits. Starting in 1973, 
however, the first significant linear- 
IC products predicated on MOS/ 
FET technology made their appear¬ 
ance on the market. 



Fig. 40 — 1C "chip” mounted in TO-5 style 
package assembly. 



14-LEAD FLAT-PACK 


Fig. 41—Package styles commonly used 
with monolithic ICs: (a) TO-5, (b) Dual- 
In-Line (c) Flat-pack. 


Digital IC in Clock-Circuit Ap¬ 
plication—The basic “logic elements^' 
of digital circuit functions include 
“gate” circuits (e.g., OR, NOR, 
AND, and NAND), flip-flops, mem¬ 
ory cells, inverters, and transmis¬ 
sion gates. They are used to imple¬ 
ment “logic operations” in com¬ 
puters, calculators, control systems, 
digital-type meters, and the like. 
“Logic element” circuits can be de¬ 
signed with discrete transistors, but 
the advent of IC^s has brought the 
digital-circuit designer an abund¬ 
ance of specific “logic-element build¬ 
ing-block” integrated-circuit devices 
that offer enhanced reliability, lower 
cost, greater compactness, simpli- 
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city for the user, and higher per¬ 
formance characteristics. 

The designers of integrated cir¬ 
cuits have made these “logic ele¬ 
ment’’ functions available in a num¬ 
ber of distinctly different “logic 
families”, e.g., resistor-transistor 
logic (RTL), diode transistor logic 
(DTL), transistor-transistor logic 
(TTL), emitter-coupled logic (ECL), 
P-MOS, COS/MOS, and others. 
These “logic families” are differen¬ 
tiated from a user standpoint in that 
they offer a choice of characteristics 
such as operating speed, power con¬ 
sumption, supply-voltage, and noise 
immunity. Integrated-circuit tech¬ 
nology has also enabled the assem¬ 
blage of “logic element” conglome¬ 
rates (e.g., gates, flip-flops, and 
other basic logic elements) on a sin¬ 
gle monolithic chip capable of per¬ 
forming a more comprehensive func¬ 
tion (e.g., registers and adders). 
Moderately complex conglomerates 
can generically be defined as “MSI” 
(Medium-Scale Integration), while 
the most complex conglomerates of 
logic elements and functions can be 
categorized as “LSI” (Large-Scale 
Integration). For example, the very 
complex circuity needed in a pocket- 
size calculator can be implemented 
with a few “LSI”-type IC chips. 

The evolution of “LSI”-type digi¬ 
tal integrated circuits has also 
revolutionized the design and manu¬ 
facture of electronic timepieces, per¬ 
mitting the use of very complex 
circuitry to harness the time-period 
accuracy of crystal oscillators and 
the decoding of the information 
necessary to present a digital read¬ 
out of the time. Although the de¬ 
scription of a digital read-out sys¬ 
tem is beyond the scope of this 
introductory treatment, a descrip¬ 
tion of the crystal-oscillator fre¬ 
quency “count-down” circuitry is 
instructive in illustrating the contri¬ 
butions to design and manufactur¬ 
ing simplicity that accrue from use 
of a digital integrated circuit of 
LSI complexity to accomplish the 
“count-down” function. 

Fig. 42 shows a 21-stage inte¬ 


grated circuit digital counter used 
to count-down the 2.097152 MHz 
crystal-oscillator frequency to an 
output pulse rate of one pulse per 
second. The “push-pull” output 
pulses provided by this counter can 
drive miniature synchronous motors, 
(or stepping motors) as prime mov¬ 
ers in timepiece mechanisms. The 
choice of a 2-MHz frequency stand¬ 
ard is a compromise between crystal 
size, cost, and frequency stability. 
The first “inverter” stage is used as 
a micropower crystal-oscillator, fol¬ 
lowed by four “inverter” stages that 
provide gain, pulse-shaping,_ and 
push-pull pulse signals (4>, 4>) at 
2.097152 MHz to drive the first flip- 
flop (F/Fl) divider stage. Each of 
the succeeding 21-digital counter 
stages performs a “divide-by-two” 
function and ultimately produce one 
output pulse per second to flip-flops 
F/F22 and F/F23, which shape the 
output pulses to 1/32-second dura¬ 
tion and drive the output “invert¬ 
ers” (L, and L) to obtain approxi¬ 
mately 5 milliamperes of output 
drive current. 

The circuit in Fig. 42 is an illus¬ 
tration of contemporary large-scale 
integration (LSI). It contains a total 
of 490 MOS field-effect transistors 
on a single chip about 0.08-inch 
square. The integrated circuit is sup¬ 
plied in dual-in-line or flat-pack 
packages of the generic type shown 
in Fig. 41(b) and (c) respectively. 
In dynamic operation with a 2 MHz 
crystal, the total circuit only con¬ 
sumes about 5-milliwatts of power 
at a supply voltage (Vdd) of 10 volts. 
The circuit continues to operate 
even though the supply-voltage 
(Vdd) varies over the range from 
3 to 15 volts. A 16.5-volt zener-diode 
string is integrated on the chip to 
provide “voltage-clipping” protec¬ 
tion against voltage transients en¬ 
countered in automotive applica¬ 
tions. 

IC Packages 

The simplicity of the packages 
shown in Fig. 41 permits the equip- 
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ment builder to procure, handle, and 
install complex blocks of circuit 
function with comparative ease. The 
TO-5 style packages are commonly 
used with circuits requiring 8, 10 or 
12-leads. Dual-in-line packages are 
currently the most popular style of 
package. They are easily installed in 
sockets or soldered into printed- 
circuit boards. The 14-lead arrange¬ 
ments are currently the most popu¬ 
lar, although 8-lead and 16-lead 
packages are also in high volume 
use. Most of the dual-in-line pack¬ 


ages currently produced are plastic 
(nonhermetic) types, but large 
volumes of dual-in-line metal-and- 
ceramic (hermetic) type packages 
are also being manufactured. Flat- 
pack packages are used in applica¬ 
tions in which space is at a premium, 
for example as is usually the case in 
electronic equipment for the mili¬ 
tary. Most flat-packs are hermetic 
packages. Additonal information on 
integrated-circuit packages is given 
in the section Guide to RCA Solid- 
State Devices. 



Basic Rating Factors 


"Datings are established for 
solid-state devices to help cir¬ 
cuit and equipment designers use 
the performance and service capa¬ 
bilities of each type to maximum 
advantage. They define the limiting 
conditions within which a device 
must be maintained to assure satis¬ 
factory and reliable operation in 
equipment applications. A designer 
must thoroughly understand the 
constraints imposed by the device 
ratings if he is to achieve effective, 
economical, and reliable equipment 
designs. Reliability and perform¬ 
ance considerations dictate that he 
select devices for which no ratings 
will be exceeded by any operating 
conditions of his application, in¬ 
cluding equipment malfunction. He 
should also realize, however, that 
selection of devices that have overly 
conservative ratings may signifi¬ 
cantly add to the cost of his equip¬ 
ment. 

BASIS FOR DEVICE RATINGS 

Three systems of ratings (the ab¬ 
solute maximum system, the design 
center system, and the design maxi¬ 
mum system) are currently in use 
in the electronics industry. The rat¬ 
ings given in the technical data for 
solid-state devices are based on the 
absolute maximum system. A defini¬ 
tion for this system of ratings has 
been formulated by the Joint Elec¬ 
tron Devices Engineering Council 
(JEDEC) and standardized by the 


National Electrical Manufacturers 
Association (NEMA) and the Elec¬ 
tronic Industries Association (ElA), 
as follows: 

“Absolute-Maximum ratings are 
limiting values of operating and en¬ 
vironmental conditions applicable to 
any electron device of a specified 
type as defined by its published data, 
and should not be exceeded under 
the worst probable conditions. 

“The device manufacturer chooses 
these values to provide acceptable 
serviceability of the device, taking 
no responsibility for equipment 
variations, environmental variations, 
and the effects of changes in operat¬ 
ing conditions due to variations in 
device characteristics. 

“The equipment manufacturer 
should design so that initially and 
throughout life no absolute-maxi¬ 
mum value for the intended service 
is exceeded with any device under 
the worst probable operating condi¬ 
tions with respect to supply-voltage 
variation, equipment component 
variation, equipment control adjust¬ 
ment, load variation, signal varia¬ 
tion, environmental conditions, and 
variations in device characteristics.’* 

The rating values specified in the 
technical data for RCA solid-state 
devices are determined on the basis 
of extensive operating and life tests 
and comparison measurements of 
critical device parameters. These 
tests and measurements define the 
limiting capabilities of a specific de¬ 
vice type in relation to the rating 
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factors being considered. The test 
and measurement conditions simu¬ 
late, as closely as possible, the 
worst-case conditions that the device 
is likely to encounter in actual equip¬ 
ment applications. 

Rating tests are expensive, time- 
consuming, and often destructive. 
Obviously, therefore, all individual 
solid-state devices of a given type 
designation cannot be subjected to 
these tests. The validity of the rat¬ 
ings is assured, however, by use of 
stringent processing and fabrication 
controls and extensive quality checks 
at each stage in the manufacturing 
process to assure product uniform¬ 
ity among all devices of a specific 
type designation and by testing of 
a statistically significant number of 
samples. 

Ratings are given for those stress 
factors that careful study and ex¬ 
perience indicate may lead to se¬ 
vere degradation in performance 
characteristics or eventual failure 
of a device unless they are con¬ 
strained within certain limits. Table 
II lists the critical rating factors 
used to specify the safe operating 
capabilities of different types of 
solid-state devices. These ratings are 
also applicable to the active devices 
included in monolithic integrated 
circuits and power hybrid circuits. 

VOLTAGE RATINGS 

A number of voltage ratings are 
provided for solid-state devices. 
These ratings are established with 
respect to a specified electrode (e.g., 
collector-to-emitter voltage or col- 
lector-to-base voltage for transis¬ 
tors) and indicate the maximum 
potential, for both steady-state and 
transient operation, that can be 
safely applied across the two spe¬ 
cified electrodes before damage to 
the crystal occurs. These ratings are 
specified for particular conditions 
(e.g., with the third electrode open, 
or with a specific bias voltage or 
external resistance, for transistors 
and thyristors). 


Excessive voltage potentials pro¬ 
duce high leakage (or reverse) cur¬ 
rents in solid-state devices. In silicon 
rectifiers, the high reverse currents 
that result from excessive reverse- 
bias voltages can lead to crystal 
breakdown and the consequent de¬ 
struction of the devices. Similar 
junction breakdown can occur be¬ 
cause of the high leakage currents 
that result from excessive collector- 
to-emitter or collector-to-base volt¬ 
ages in transistors or excessive off- 
state voltages in thyristors. Leakage 
currents flow in solid-state devices 
at all voltage levels, and device op¬ 
eration is significantly affected by 
the magnitude of these currents, 
even at voltages significantly below 
the breakdown value. For example, 
in transistors, the collector leakage 
currents critically affect biasing 
levels, and consequently the gain 
and stability of the over-all circuit. 
In thyristors, high leakage current 
levels can cause unwanted switch¬ 
ing of device conduction states. In 
addition to their dependence on volt¬ 
age, leakage currents also vary with 
temperature. In the technical data 
on solid-state devices, therefore, 
these currents are usually specified 
for particular voltage and tempera¬ 
ture conditions. 

FORWARD-CURRENT 

RATINGS 

If the current in a solid-state de¬ 
vice becomes sufficiently large, the 
semiconductor pellet could be melted 
by the excessive junction tempera¬ 
tures that result. Maximum current 
ratings, however, are not usually 
based on the current-carrying ca¬ 
pacity of the semiconductor pellet. 
Such ratings are usually based on 
the degradation of specific device 
performance characteristics that re¬ 
sult when the current density ex¬ 
ceeds a critical value or on the fus¬ 
ing current of an internal connecting 
wire. 

For devices in which the fusing 
current of internal connecting wires 
is not the limiting factor, different 
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Table II—Ratings and Limiting Characteristics for Solid State 

Devices 


Quantity 


GENERAL 


Symbol 


Quantity 

SILICON RECTIFIERS (Cont.) 


Symbol 


Ambient temperature 

Ta 

Reverse power loss: 


Case temperature 

Tc 

DC value, no alternating component 

Pr 

Junction temperature 

h 

DC value, with alternating component 

Pr(AV) 

Storage temperature 

Tstg 

Instantaneous total value 

Pr 

Thermal Resistance 

Junction to ambient 

e 

0J-A 

Maximum (peak) total value 

PRM 

Junction to case 

Case-to-ambient 

0J-C 

0C-A 

THYRISTORS AND DIACS 


Case-to-heat sink 

0C-S 

On-state current: 


Transient thermal impedance 

0(t) 

Total rms value 

It(RMS) 

Junction-to-ambient 

0J-A(t) 

DC value, no alternating component 

It 

Junction-to-case 

0J-C(t) 

DC value, with alternating component 

It(AV) 

Delay time 

td 

Instantaneous total value 

It 

Rise time 

tr 

Maximum (peak) total value 

Itm 

Fall time 

tf 

Surge (non-repetitive) 

Overload 

Breakover current: 

Itsm 

It(OV) 

SILICON RECTIFIERS 

Forward current: 


DC value, no alternating component 
Instantaneous total value 

Off-state current: 

j (BO) 
l(BO) 

Total rms value 

If(RMS) 

Total rms value 

Id(RMS) 

DC value, no alternating component 

ip 

DC value, no alternating component 

Id 

DC value, with alternating component 

If(AV) 

DC value, with alternating component 

Id(AV) 

Instantaneous total 

ip 

Instantaneous total value 

Id 

Maximum (peak) total value 

IpM 

Maximum (peak) total value 

Idm 

Repetitive peak 

IpRM 

Repetitive peak 

Idrm 

Surge (non-repetitive) 

IpSM 

Reverse current: 


Forward voltage: 


Total rms value 

Ir(RMS) 

Total rms value 

Vp(RMS) 

DC value, no alternating component 

Ir 

DC value, no alternating component 

Vf 

DC value, with alternating component 

Ir(AV) 

DC value, with alternating component 

Vp(AV) 

Instantaneous total value 

Ir 

Instantaneous total value 

Vf 

Maximum (peak) total value 

Irm 

Maximum (peak) value 

Reverse current: 

Vfm 

Repetitive peak 

Reverse breakdown current: 

Irrm 

Total rms value 

Ir(RMS) 

DC value, no alternating component 

l(BR)R 

DC value, no alternating component 

iR 

Instantaneous total 

l(BR)R 

DC value, with alternating component 

Ir<AV) 

On-state voltage: 


Instantaneous total value 

Irm 

Total rms value 

Vt(RMS) 

Reverse recovery time 

trr 

DC value, no alternating component 

Vt 

Reverse voltage: 


DC value, with alternating component 

Vt(AV) 

Total rms value 

Vr(rms) 

Instantaneous total value 

Vt 

DC value, no alternating component 

Vr 

Maximum (peak) total value 

Vtm 

DV value, with alternating component 

Vr(AV) 

Breakover voltage: 


Instananeous total value 

Vr 

DC value, no alternating component 

V(BO) 

Maximum (peak) total value 

VrM 

Instantaneous total value 

V(BO) 

Working peak 

Vrwm 

Off-state voltage: 


Repetitive peak 

Vrrm 

Total rms value 

Vd(RMS) 

Non-repetitive peak 

Vrsm 

DC value, no alternating component 

Vd 

Reverse breakdown voltage: 


DC value, with alternating component 

Vd(AV) 

DC value, no alternating component 

V(BR)R 

Instantaneous total value 

Vi) 

Instantaneous total value 

V(BR)R 

Maximum (peak) total value 

Vdm 

Forward Power Loss: 


Working peak 

Vdwm 

DC value, no alternating component 

Pp 

Repetitive peak 

Vdrm 

DC value, with alternating component 

Pp(AV) 

Repetitive peak, with gate open 

Vdrom 

Instantaneous total value 

Pp 

Non-repetitive peak 

Vdsm 

Maximum (peak) total value 

Ppm 

Non-repetitive peak with gate open 

Vdsom 
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Table II—Ratings and Limiting Characteristics for Solid-State 

Devices (cont’d) 


Quantity 


THYRISTORS AND DIACS (Cont.) 

Reverse voltage: 

Total rms value Vk(KMS) 

DC value, no alternating component Vu 

DC value, with alternating component Vi^av) 

Instantaneous total value Vr 

Maximum (peak) total value Vrm 

Working peak Vrwm 

Repetitive peak, with specified gate- 
to-cathode resistance Vrkm 

Repetitive peak, with gate open Vrrom 

Non-repetitive peak, with specified 
gate-to-cathode resistance V KSM 

Non-repetitive peak, with gate open Vr SOM 

Reverse breakdown voltage; 

DC value, no alternating component V(BR)R 

Instantaneous total V(br)r 

Holding current; 

DC value, no alternating component Ih 

Instantaneous total value in 

Latching current: 

DC value, no alternating component |l 

Instantaneous total value II 

Gate current: 

DC value, no alternating component lo 

DC value, with alternating component Hkav) 

Maximum (peak) total value Iom 

Gate trigger current: 

DC value, no alternating component Igt 

Maximum (peak) total value Igtm 

Gate non-trigger current: 

DC value, no alternating component Lu) 

Maximum (peak) total value Iodm 

Gate voltage: 

DC value, no alternating component Vbt 

Maximum (peak) total value V(;tm 

Gate trigger voltage*. 

DC value, no alternating component Wrr 

Instantaneous total value Vgt 

Maximum (peak) total value Vgtm 

Gate non-trigger voltage: 

DC value, no alternating component Vgd 

Instantaneous total value Vgd 

Maximum (peak) total value Vgdm 

Gate power dissipation: 

DC value, no alternating component Pa 

DC value, with alternating component Pg(av) 

Instantaneous total value Pg 

Maximum (peak) total value Pgm 


POWER TRANSISTORS 

Base current: 

DC value, no alternating component Ib 


Symbol Quantity 


POWER TRANSISTORS (Cont.) 


Symbol 


RMS value of alternating component lb 

Instantaneous total value Ib 

Collector current: 

DC value, no alternating component Ic 

RMS value of alternating component U 

Instantaneous total value ic 

Emitter current: 

DC value, no alternating component Ik 

RMS value of alternating component U 

Instantaneous total value Ik 

Collector-to-base cutoff current* 
dc value with emitter open Icbo 

Collector-to-emitter cutoff current,* dc 
value: 

With base open Ioeo 

With specified resistance between 
base and emitter IciOIl 

With base shorted to emitter Ices 

With specified voltage between base 
and emitter Icev 

With specified circuit between base 
and emitter Icex 

Emitter-to-base cutoff current,* d’c value 
with collector open Iebo 

Power (common-emitter connection); 

DC input to base P BE 

Instantaneous total input to base Pbe 

Large-signal output Poe 

Total nonreactive input to all termi¬ 
nals Pt 

Instantaneous total nonreactive input 
to all terminals Pt 

Emitter-to-base open-circuit dc voltage 

(floating potential) VEB(fi) 

Collector-to-base dc voltage, with emit¬ 
ter open VcBo 

Collector-to-emitter dc voltage: 

With base open Vceo 

With specified resistance between 
base and emitter Vcer 

With base shorted to emitter Vces 

With specified voltage between base 
and emitter Voev 

With specified circuit between base 
and emitter Vcex 

Emitter-to-base dc voltage, with col¬ 
lector open Vebo 

Second Breakdown 

Forward-bias energy level Is/b 

Reverse-bias energy level Es/i. 

Thermal-cycling capability (number of 
cycles) N 

* Cutoff current is also referred to as 
reverse current or leakage current. 
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parameters are used as the basis 
for the current ratings of the vari¬ 
ous types of devices. In silicon rec¬ 
tifiers and thyristors, the maximum 
on-state current rating is deter¬ 
mined on the basis of the maximum 
permissible forward power dissipa¬ 
tion. In power transistors, the cur¬ 
rent gain is significantly decreased 
at high current densities. The maxi¬ 
mum forward-current rating, there¬ 
fore, is established on the basis of 
an arbitrary minimum acceptable 
gain value. 

POWER-DISSIPATION 

RATINGS 

Power is dissipated in the semi¬ 
conductor material of a solid-state 
device in the form of heat, which 
if excessive can cause irreversible 
changes in the crystal structure or 
melting of the pellet. This dissipa¬ 
tion is equal to the difference be¬ 
tween the input power applied to 
the device and the power delivered 
to the load circuit. Because of the 
sensitivity of semiconductor ma¬ 
terials to variations in thermal con¬ 


ditions, maximum dissipation rat¬ 
ings are usually given for specific 
temperature conditions. 

In many instances, dissipation rat¬ 
ings for solid-state devices are spe¬ 
cified for ambient, case, or mount- 
ing-fiange temperatures up to 25 °C. 
Such ratings must be reduced 
linearly for operation of the devices 
at higher temperatures. Fig. 43 
shows a typical power-transistor 
derating chart that can be used to 
determine maximum permissible dis¬ 
sipation values at specific tempera¬ 
tures above 25®C, (This chart can¬ 
not be assumed to apply to transistor 
types other than the particular 
transistors for which it was pre¬ 
pared.) The chart shows the per¬ 
missible percentage of the maxi¬ 
mum dissipation ratings as a func¬ 
tion of ambient or case temperature. 
Individual curves are shown for spe¬ 
cific operating temperatures. If the 
maximum operating temperature of 
a particular transistor type is some 
other value, a new curve can be 
drawn from point A to the desired 
temperature value on the abscissa, 
as indicated by the dashed-line 
curves on the chart. 



TEMPERATURE—92CS-25654 

Fig, 43—Chart showing maximum permissible percentage of maximum rated dissipa¬ 
tion as a function of temperature. 
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JUNCTION-TEMPERATURE 

RATINGS 

The temperature of solid-state de¬ 
vices must be closely controlled not 
only during operation, but also dur¬ 
ing storage. For this reason, ratings 
data for these devices usually in¬ 
clude maximum and minimum stor¬ 
age temperatures, as well as maxi¬ 
mum operating temperatures. 


THERMAL IMPEDANCE 

When current flows through a 
solid-state device, power is dissi¬ 
pated in the semiconductor pellet 
that is equal to the product of the 
voltage across the junction and the 
current through it. As a result, the 
temperature of the pellet increases. 
The amount of the increase in tem¬ 
perature depends on the power level 
and how fast the heat can flow 
away from the junction through the 
device structure to the case and the 
ambient atmosphere. The rate of 
heat removal depends primarily upon 
the thermal resistance and capaci¬ 
tance of the materials involved. The 
temperature of the pellet rises until 
the rate of heat generated by the 
power dissipation is equal to the 
rate of heat flow away from the 
junction; i.e., until thermal equi¬ 
librium has been established. 

Thermal resistance can be com¬ 
pared to electrical resistance. Just 
as electrical resistance is the ex¬ 
tent to which a material resists the 
flow of electric current, thermal re¬ 
sistance is the extent to which a 
material resists the flow of heat. A 
material that has a low thermal re¬ 
sistance is said to be a good thermal 
conductor. In general, materials 
which are good electrical conductors 
are good thermal conductors, and 
vice versa. 

The methods of rating solid-state 
power devices under steady-state 
conditions are indicated by the fol¬ 
lowing definition of thermal re¬ 
sistance: The thermal resistance of 
a solid-state device is the ratio of 


the temperature drop to the heat 
generated through internal power 
dissipation under steady-state con¬ 
ditions; the temperature drop is 
measured between the region of 
heat generation and some reference 
point. 

The over-all thermal resistance of 
an assembled device is usually ex¬ 
pressed as the rise in junction tem¬ 
perature above the case temperature 
per unit of power dissipated in the 
device. This information, together 
with the maximum junction-tem¬ 
perature rating, enables the user to 
determine the maximum power level 
at which the device can be safely 
operated for a given case tempera¬ 
ture. Subtraction of the case tem¬ 
perature from the maximum junc¬ 
tion temperature indicates the 
allowable internal temperature rise. 
If this value is divided by the spe¬ 
cified thermal resistance of the de¬ 
vice, the maximum allowable power 
dissipation is determined. 

It should be noted that thermal 
resistance is defined for steady-state 
conditions. If a uniform tempera¬ 
ture over the entire semiconductor 
junction is assumed, the power dis¬ 
sipation required to raise the junc¬ 
tion temperature to a predetermined 
value, consistent with reliable op¬ 
eration, can be determined. Under 
conditions of intermittent or switch¬ 
ing loads, however, such a design 
is unnecessarily conservative and 
expensive. For such conditions, the 
effect of thermal capacitance should 
also be considered. 

Junction-to-Case Thermal 
Impedance 

The thermal properties of a de¬ 
vice may be represented by an elec¬ 
trical analog circuit, such as that 
shown in Fig. 44, which consists of 
a current generator connected to a 
series of resistors that have capaci¬ 
tance to ground distributed along 
their length. The power P dissipated 
within the crystal of a solid-state 
device results in a flow of heat out¬ 
ward from the crystal. This flow of 
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Fig. 44—Electrical analog circuit used 
to describe thermal properties of a solid- 
state device. 

heat (dissipated power P in calo¬ 
ries per second or in watts) in a 
solid-state device is analogous to the 
flow of charge (electrical current I 
in coulombs per second or amperes) 
in such a circuit. Thermal resist¬ 
ances and thermal capacitances of 
the device are analogous to the elec¬ 
trical resistances and capacitances 
shown in the circuit. The potential 
difference or voltage between any 
two points in the electrical analog 
circuit is analogous to the tempera¬ 
ture difference between the corre¬ 
sponding two points of the device 
it represents. Table III shows the 
relationship between various elec¬ 
trical quantities and their corre¬ 
sponding thermal quantities. 

Thermal impedance Zt, like elec¬ 
trical impedance Z, is a complex 
variable because of the time depend¬ 
ence associated with the thermal 
capacitance Ct. 

In the electrical or thermal-analog 
circuit shown in Fig. 44, the thermal 
resistances closest to the heat source 
are large because the cross section 
of the semiconductor element is 
small (all the heat generated flows 
through a small area). Thermal re¬ 
sistance varies inversely with cross- 
sectional area. In general, thermal 
resistances become progressively 
smaller as distance from the semi¬ 
conductor element increases. 

Thermal capacitance varies di¬ 
rectly with both mass and specific 
heat. Therefore, the small mass of 
the semiconductor element of a de¬ 
vice causes the thermal capacitance 
to be smallest at the heat source 
and to become progressively larger 
as distance from the heat source in¬ 
creases. The final thermal capaci- 


Table III—Comparison of Various 
Electrical Quantities and Cor¬ 
responding Thermal Quantities 

Electrical Thermal 

Current generator Heat generator 

(semiconductor 
crystal) 

Resistance R Thermal Resistance 

(ohms or volts/ ^ (®C/,watt) 

ampere) 

Capacitance C Thermal Capacitance 

(ampere-second/ Ct (watt-second/‘’0 

volt) 

Potential Temperature 

difference Vi — V 2 difference 

(volts) Ti - T. (°C) 

Potential above Temperature above 

ground V — Vg ambient T — Ta (°C) 

(volts) 

Current I Power dissipation P 

(amperes) (watts) 

Impedance Z Thermal impedance Zt 

(volts/ampere) (°C/watt) 

tance in the series must be consid¬ 
ered as an infinite capacitance, 
which electrically is the same as a 
direct short across the end of the 
line. 

If a step function of power is ap¬ 
plied to a solid-state device (i.e., 
if the power input at time ti in¬ 
creases from P r= 0 to P = Pi), the 
temperature difference between junc¬ 
tion and case rises as shown in Fig. 
45, and approaches temperature Ti 
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Fig. 45 — Temperature-rise curve obtained 
with step function of power. 
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asymptotically. This temperature- 
rise curve is similar to the voltage- 
rise curve which would be obtained 
in the analogous resistance-capaci¬ 
tance electrical circuit. 

The exact shape of the curve de¬ 
pends upon the magnitudes of the 
thermal-resistance and thermal- 
capacitance components of the de¬ 
vice. Fig. 46 shows a typical thermal- 
response curve for a silicon power 
transistor. This curve indicates that 
solid-state devices have multiple 
thermal time constants. 
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Fig. 46—Graphical representation of 
transient thermal response (i.e., 
thermal-impedance curve). 

i 

Case-to-Ambient Thermal 
Resistance 

The thermal equivalent circuits 
for a transistor discussed in the 
preceding section considered only 
the thermal paths from junction to 
case. For power transistors in which 
the silicon pellet is mounted di¬ 
rectly on the header or pedestal, 
the total internal thermal resistance 
from junction to case ^j-c varies 
from 50®C per watt to less than 1°C 
per watt. If the transistor is not 
mounted on a heat sink, the thermal 
resistance from case to ambient air 
^c-A is so large in comparison to 
that from junction to case that the 
net over-all thermal resistance from 
junction to ambient air is primarily 
the result of the ^c-a term. Table IV 
lists values of case-to-air thermal 
resistance for popular JEDEC cases. 


Beyond the limit of a few hundred 
milliwatts, it becomes impractical 
to increase the size of the case to 
make the 0c-a term comparable to 
the 0J-C term. As a result, most 
power transistors and other solid- 
state power devices are designed for 
use on an external heat sink. 


Table IV—Case-to*Free-Air 
Thermal Resistance and 
Thermal Capacitance for 
Popular JEDEC Packages 


Thermal 


Package 


Resistance 

Case 


^C-A (°C/W) 

TO-18 


300 

TO-46 


300 

TO-5 


150 

TO-39 


150 

TO-8 


75 

TO-66 


60 

TO-60 


70 

TO-3 


30 

TO-36 


25 


Thermal 

Thermal Time 


Capacitance 

Constant 

Package 

(Joules/°C) 

(Seconds) 

TO-5 

0.58 

69 

TO-66 (no button) 

2.56 

128 

TO-8 

1.84 

no 

TO-3 (Cu button) 

6.8 

204 

TO-3 (Mod, 
2N5575) 

7.8 

117 


Case-to-Ambient Thermal 
Capacitance 

The thermal capacitance of the 
over-all package is also an im¬ 
portant factor in the thermal cir¬ 
cuit of a solid-state power device. 

Table IV also lists typical values 
of thermal capacitances and the ther¬ 
mal time constants for some common 
types of device packages. 

These values can be used to calcu¬ 
late temperature effects of pulses 
on devices that are not mounted on 
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heat sinks. The thermal time con¬ 
stants can be used to estimate how 
long units must be cooled between 
tests to avoid temperature changes. 
For example, the application of a 
150-watt pulse for 1 second results 
in a temperature rise in the TO-3 
package determined as follows: 

Trise = 150 watts/6.8 joules 

= 22“C 

The time (t) required to cool the 
package to within 3°C of room tem¬ 
perature can be determined as fol¬ 
lows : 

T 22e-*/^"" 

3 =i 22e-‘'^""* 

In 3/22 = -t/204 

t rr 6.1 minutes 

EFFECT OF 

EXTERNAL HEAT SINKS 

The maximum allowable power 
dissipation in a solid-state device is 
limited by the temperature of the 
semiconductor pellet (i.e., the junc¬ 
tion temperature). An important 
factor that assures that the junc¬ 
tion temperature remains below the 
specified maximum value is the abil¬ 
ity of the associated thermal circuit 
to conduct heat away from the de¬ 
vice. For this reason, solid-state 
power devices should be mounted 
on a good thermal base (usually 
copper), and means should be pro¬ 
vided for the efficient transfer of 
heat from this base to the surround¬ 
ing environment. 

Most practical heat sinks used in 
modern, compact equipment are the 
result of experiments with heat 
transfer through convection, radia¬ 
tion, and conduction in a given ap¬ 
plication. Although there are no set 
design formulas that provide ex¬ 
act heat-sink specifications for a 
given application, there are a num¬ 
ber of simple rules that reduce the 
time required to evolve the best de¬ 
sign for the job. These simple rules 
are as follows: 

1. The surface area of the heat 
sink should be as large as possible 
to provide the greatest possible heat 


transfer. The area of the surface 
is dictated by case-temperature re¬ 
quirements and the environment in 
which the device is to be placed. 

2. The heat-sink surface should 
have an emissivity value near unity 
for optimum heat transfer by radia¬ 
tion. A value approaching unity can 
be obtained if the heat-sink surface 
is painted flat black. 

3. The thermal conductivity of 
the heat-sink material should be 
such that excessive thermal gradi¬ 
ents are not established across the 
heat sink. 

Although these rules are followed 
in conventional heat-sink systems, 
the size and cost of such systems 
often become restrictive in compact, 
mass-produced power-control and 
power-switching applications. The 
use of mass-produced prepunched 
parts, direct soldering, and batch¬ 
soldering techniques eliminates many 
of the difficulties associated with 
heat sinks by making possible the 
use of a variety of simple, efficient, 
readily fabricated heat-sink con¬ 
figurations that can be easily in¬ 
corporated into the mechanical de¬ 
sign of equipment. 

For most efficient heat sinking, 
intimate contact should exist be¬ 
tween the heat sink and at least 
one-half of the package base. The 
package can be mounted on the heat 
sink mechanically, with glue or 
epoxy adhesive, or by soldering. 
(Soldering is not recommended for 
transistors.) If mechanical mounting 
is employed, silicone grease should 
be used between the device and the 
heat sink to eliminate surface voids, 
prevent insulation buildup due to 
oxidation, and help conduct heat 
across the interface. Although glue 
or epoxy adhesive provides good 
bonding, a significant amount of re¬ 
sistance may exist at the interface 
resistance; an adhesive material 
with low thermal resistance, such 
as Hysol Epoxy Patch Material No. 
6C or Wakefield Delta Bond No. 152, 
or their equivalent, should be used. 
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Types of Heat Sinks 

Heat sinks are produced in various 
sizes, shapes, colors, and materials; 
the manufacturer should be con¬ 
tacted for exact design data. It is 
convenient for discussion purposes 
to group heat sinks into three cate¬ 
gories as shown below: 

1. Flat vertical-finned types are 
normally aluminum extrusions with 
or without an anodized black fin¬ 
ish. They are unexcelled for natural 
convection cooling and provide rea¬ 
sonable thermal resistance at moder¬ 
ate air-flow rates for forced con¬ 
vection. 

2. Cylindrical or radial vertical- 
finned types are normally cast alumi¬ 
num with an anodized black finish. 
They are used when maximum cool¬ 
ing in minimum lateral displace¬ 


ment is required, using natural con¬ 
vection. 

3. Cylindrical horizontal-finned 
types are normally fabricated from 
sheet-metal rings and have a painted 
black matte finish. They are used 
in confined spaces for maximum 
cooling in minimum displaced vol¬ 
ume. 

It is also common practice to use 
the existing mechanical structure or 
chassis as a heat sink. The design 
equations and curves for such heat 
sinks based upon convection and 
radiation are shown in Figs. 47, 48, 
and 49. 

A useful nomograph which con¬ 
siders heat removal by both convec¬ 
tion and radiation is given in Fig. 
50. This nomograph applies for 
natural bright finish on the copper 
or aluminum. 



0 20 40 60 80 100 120 140 

’^SURFACE" "^AMBIENT 


- 2300 ^, L ^0.25 
e'r 

0c = — °C/WATT 
^ A 

WHERE 5= CONVECTION THERMAL 
RESISTANCE ®C/WATT 
A = AREA IN cm2,joTAL 
EXPOSED SURFACE 
L =HEIGHT IN cm 
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Fig. 47—Convection thermal resistance as a function of temperature drop from the 
surface of the heat sink to free air for heat sinks of various heights. (Reprinted from 
Control Engineering, October 1956.) 
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Fig. 49—Ratio of radiation thermal re¬ 
sistance to convection thermal resistance 
as a function of heat-sink surface tempera¬ 
ture for various surface emissivities. (Re¬ 
printed from Control Engineering, October 
1967.) 


Heat-Sink Performance 

The performance that may be ex¬ 
pected from a commercial heat sink 
is normally specified by the manu¬ 
facturer, and the information sup¬ 
plied in the design curves shown in 
Figs. 47, 48, and 49 provides the 
basis for the design of fiat vertical 
plates for use as heat sinks. In all 
cases, it must be remembered that 
the heat is dissipated from the heat 
sink by both convection and radia¬ 
tion. Although surface area is im¬ 
portant in the design of vertical- 
plate heat sinks, other factors such 
as surface and ambient temperature, 
conductivity, emissivity, thickness, 
shape, and orientation must also be 
considered. An excessive tempera¬ 
ture gradient can be avoided and 
the conduction thermal resistance in 
the heat sink can be minimized by 
use of a high-conductivity material, 
such as copper or aluminum, for the 
heat sink. Radiation losses are in¬ 
creased by an increase in surface 
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MATERIAL 

COPPER ALUMINUM 

MOUNTING 

POSITION 

HORIZONTAL 


VERTICAL 


HORIZONTAL 


VERTICAL 

THICKNESS (INCHES) 

3 

16 32 


3 3 

J6 32 


3 3 

16 32 


16 32 

AREA 

OF ONE 
SIDE OF 
HEAT 

SINK OR 
CHASSIS 
(SQUARE 
INCHES) 

15 6 8 10 15 20 25 30 40 50 60 80 

to 

— toJZZ 
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^(0 
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THERMAL RESISTANCE — ®C/W 


INSTRUCTION FOR USE: SELECT THE HEAT-SINK AREA AT LEFT AND DRAW A HORIZONTAL LINE 
ACROSS THE CHART FROM THIS VALUE. READ THE VALUE OF MAXIMUM THERMAL RESISTANCE DE¬ 
PENDING ON THE THICKNESS OF THE MATERIAL, TYPE OF MATERIAL, AND MOUNTING POSITION. 

92CM-2566I 

Fig. 50—Thermal resistance as a function of heatsink dimensions. {Nomograph re¬ 
printed from Electronic Design, August 16^ 1961.) 


emissivity, as shown in Fig. 50. Best 
results are obtained when the heat 
sink has a black matte finish for 
which the emissivity is at least 0.9. 
When free-air convection is used for 
heat removal, a vertically mounted 
heat sink provides a thermal re¬ 
sistance that is approximately 30 
per cent lower than that obtained 
with horizontal mounting. 

In restricted areas, it may be 
necessary to use forced-convection 
cooling to reduce the effective ther¬ 
mal resistance of the heat sink. On 
the basis of the improved reliability 


of cooling fans, it can be shown 
that the over-all reliability of a sys¬ 
tem may actually be improved by 
use of forced-convection cooling be¬ 
cause the number of components re¬ 
quired is reduced. 

Economic factors are also im¬ 
portant in the selection of heat sinks. 
It is often more economical to use 
one heat sink with several properly 
placed transistors than to use in¬ 
dividual heat sinks. It can be shown 
that the cooling efficiency increases 
and the unit cost decreases under 
such conditions. 
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Heat-Sink Insulators 

As pointed out previously, when 
solid-state devices are to be mounted 
on heat sinks, some form of elec¬ 
trical isolation must be provided be¬ 
tween the case and the heat sink. 
Unfortunately, however, good elec¬ 
trical insulators usually are also 
good thermal insulators. It is diffi¬ 
cult, therefore, to provide electrical 
insulation without introduction of 
significant thermal resistance be¬ 
tween case and heat sink. The best 
materials for this application are 
mica, beryllium oxide (Beryllia), 
and anodized aluminum. A compari¬ 
son of the properties of these three 
materials for case-to-heat-sink iso¬ 
lation of the TO-3 package is shown 
in Table V. If the area of the seat¬ 
ing plane, the thickness of the ma¬ 
terial, and the thermal conductivity 
are known, the case-to-heat-sink 
thermal resistance ^c-s can be read¬ 
ily calculated by use of the follow¬ 
ing equation: 

^cond = d/4.186 KA °C per watt 

where d is the length of the thermal 
path in centimeters, K is the ther¬ 
mal conductivity in cal/(sec) (cm) 
(“C), and A is the area perpendicu¬ 
lar to the thermal path t in square 
centimeters. The number 4.186 is a 
conversion factor used to obtain the 
result in °C per watt. 


Table V—Comparison of Insu¬ 
lating Washers Used for Elec- 


trical 

Isolation 

of Transistor 

TO-3 

Case from 

Heat 

Sink 


Thickness 

Oc-s 

Capacitace 

Material 

(inches) 


(pn 

Mica 

0.002 

0.4 

90 

Anodized 




Aluminum 

0.016 

0.35 

no 

Beryllia 

0.063 

0.25 

15 


In all cases, this calculation should 
be experimentally verified. Irregu¬ 
larities in the bottom of the tran¬ 
sistor seating plane or on the face 
of the heat sink or insulating washer 
may result in contact over only a 
very small area unless a filling com¬ 


pound is used. Although silicone 
grease has been used for years, re¬ 
cently newer compounds with zinc 
oxide fillers (e.g., Dow Corning #340 
or Wakefield #120) have been found 
to be even more effective. 

For small general-purpose tran¬ 
sistors, such as the 2N2102, which 
use a JEDEC TO-5 package, a good 
method for thermal isolation of the 
collector from a metal chassis or 
printed-circuit board is by means of 
a beryllium-oxide washer. The use 
of a zinc-oxide-filled silicone com¬ 
pound between the washer and the 
chassis, together with a moderate 
amount of pressure from the top of 
the transistor, helps to decrease 
thermal resistance. Fin-type heat 
sinks, which are commercially avail¬ 
able, are also suitable, especially 
when transistors are mounted in 
Teflon sockets which provide no 
thermal conduction to the chassis or 
printed-circuit board. Fig. 51 illus¬ 
trates both types of mounting. 


SILICONE 

GREASE 




BgO WASHER 



TO-5 PACKAGE 2 HOLES 
WELDED TO 
HEAT-RADIATOR 
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Fig. 51—Suggested mounting arrange¬ 
ments for transistors having a JEDEC 
TO-5 package: (a) without heat sink; (b) 
with fin-type heat sink. 
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At frequencies of 100 MHz and 
higher, the effects of stray capaci¬ 
tances and inductances and of 
ground paths and feedback coupling 
have a pronounced effect on the gain 
and power-output capabilities of 
transistors. As a result, physical 
aspects such as mechanical layout, 
shielding, and heat-sink considera¬ 
tions are important in the design of 
rf amplifiers and oscillators. In par¬ 
ticular, it should be noted that the 
insulating washer necessary for iso¬ 
lation introduces coupling capaci¬ 
tance from collector to chassis which 
may seriously limit circuit perform¬ 
ance. The special techniques used 
to overcome these effects are ex¬ 
plained subsequently in the section 
High-Frequency Power Transistors. 


EFFECT OF CYCLIC 
THERMAL STRESSES 

When a solid-state device is alter¬ 
nately heated and allowed to cool, 
cyclic mechanical stresses are pro¬ 
duced within the device because of 
differences in the thermal expansion 
of the silicon pellet and the metallic 
materials to which the pellet is at¬ 
tached. The cyclic stresses may even¬ 
tually result in physical damage to 
the semiconductor pellet or the 
mounting interface. 

In most solid-state power devices, 
a small silicon pellet is bonded to 
a copper header. The coefficient of 
thermal expansion for silicon (3 X 
10~®) is much less than that of cop¬ 
per (17.5 X 10"®). Temperature 
variations within the device, there¬ 
fore, result in cyclic stresses at 
the mounting interface of the sili¬ 
con pellet and the copper header 
because of the difference in the ther¬ 
mal expansions of these parts. If a 
hard solder, such as silicon gold, is 
used to bond the pellet to the header, 
these stresses are transmitted to 
the silicon pellet. Such stresses often 
result in pellet fractures. In general, 
however, lead-tin solder is used to 
bond the silicon pellet to the copper 
header. The cyclic thermal stresses 


then are absorbed by non-elastic de¬ 
formation of the soft lead solder, 
and very little stress is transmitted 
to the pellet. 

The continuous flexing that results 
from cyclic temperature changes 
may eventually cause fatigue fail¬ 
ures in a conventional lead solder 
system. Such failures are a function 
of the amount of change in tempera¬ 
ture at the mounting interface, the 
difference in the thermal-expansion 
coefficients of the silicon pellet and 
the material to which the pellet is 
attached, and the maximum dimen¬ 
sions of the mounting interface. 
Fatigue failures occur whenever 
the cyclic stresses damage the solder 
to the point at which the transfer 
of heat between the pellet and the 
surface to which it is mounted be¬ 
comes impaired. This condition, 
which is indicated by a significant 
rise in junction-to-case thermal re¬ 
sistance, may exist in only a small 
portion of the pellet. This portion, 
however, overheats, and device fail¬ 
ure results because of regenerative 
conditions that lead to thermal run¬ 
away. 

Thermal-fatigue failures in solid- 
state power devices are accelerated 
because of dislocation “pile-ups’^ that 
result from impurities in the lead 
solder. RCA has developed a process 
that substantially reduces the amount 
of impurities introduced into the 
solder. Use of this proprietary “Con¬ 
trolled Solder Process” makes it pos¬ 
sible to avoid the microcracks that 
propagate to cause fatigue failure 
in solid-state devices and, therefore, 
greatly increases the thermal-cycling 
capability of these devices. 

RCA has devised a rating chart 
that relates the thermal-cycling 
capablity of a silicon power tran¬ 
sistor to total device dissipation and 
the change in case temperature. A 
circuit designer may use the rating 
system to define the limiting value 
to which the change in case tem¬ 
perature must be restricted to assure 
that a power transistor is capable 
of operation at a specified power 
dissipation over the number of ther- 



42 


RCA Solid-State Devices Manual 


mal cycles required in a given ap- capability of the transistor is ade- 
plication. Conversely, if the power quate for the application. This 
dissipation and the change in case thermal-cycling rating system is de¬ 
temperature are known, the designer scribed in the section Low- and 
may use the rating system to de- Medium-Frequency Power Transis- 
termine whether the thermal-cycling tors. 
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S ILICON rectifiers are essentially 
cells containing a simple p-n 
junction. As a result, they have low 
resistance to current fiow in one 
(forward) direction, but high resist¬ 
ance to current flow in the opposite 
(reverse) direction. They can be 
operated at ambient temperatures up 
to 200 °C and at current levels as 
high as hundreds of amperes, with 
voltage levels greater than 1000 
volts. In addition, they can be used 
in parallel or series arrangements to 
provide higher current or voltage 
capabilities. The product matrix 
shown in Table VI indicates the 
broad range of current and voltage 
capabilities and the variety of pack¬ 
age configurations that can be se¬ 
lected from the extensive line of 
RCA silicon rectifiers. 

Because of their high forward-to- 
reverse current ratios, silicon recti¬ 
fiers can achieve rectification efficien¬ 
cies greater than 99 per cent. When 
properly used, they have excellent 
life characteristics which are not 
affected by aging, moisture, or tem¬ 
perature. They are small and light 
in weight and can be made impervi¬ 
ous to shock and other severe en¬ 
vironmental conditions. 


ELECTRICAL 

CHARACTERISTICS 

Fig. 52 shows the basic current- 
voltage characteristics for a silicon 
rectifier. As explained earlier in the 
section Materials, Junctions, and 
Devices, the forward current is 
many times larger than the re- 



Fig. 52 — Current-voltage characteristic of 
a silicon rectifier. 


verse current over the normal op¬ 
erating range of the rectifier. The 
small reverse (leakage) current 
gradually rises with an increase in 
reverse voltage. This increase in re¬ 
verse current eventually leads to 
junction breakdown, as indicated by 
an abrupt increase in reverse cur¬ 
rent at high reverse voltages. An¬ 
other important feature of the rec¬ 
tifier characteristic is that the for¬ 
ward voltage drop remains small up 
to the maximum rated current. The 
basic characteristic curve shown in 
Fig. 52 serves as a model in the de¬ 
velopment of the characteristics 
data given in the manufacturer's 
specifications on silicon rectifiers. 

Characteristics data given for 
silicon rectifiers are based on the 
manufacturer’s determination of the 
inherent qualities and traits of the 
device. These data, which are usu¬ 
ally obtained by direct measure¬ 
ments, provide information that a 
circuit designer needs to predict the 
performance capabilities of his cir¬ 
cuit and form the basis for the rat¬ 
ings that define the safe operating 
limits of the rectifier. 
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Table VI—Rectifier Product M; 


RCA 

Rectifiers 

Mod. 

TO-1 


DO-1 

•o 

0.25A 

0.75A 

Bl 

•fsm 

30A 

15A 

15A 

Vrrm(V) 50 

■■■ 


1N536 

100 


1N440B 

1N537 

200 


1N441B 

1N538 

300 


1N442B 

1N539 

400 

D1300D 

1N443B 

1N540 

500 


1N444B 

1N1095 

600 


1N445B 

1N547 

800 




1000 




File No. 

784 

5 

3 


RCA 

Rectifiers 


DO-15 


DO-4 
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Table 


VI—Rectifier 


Product Matrix (cont’d) 


Fast Recovery Types 


RCA 

Rectifiers 

DO-26 

DO-15 


DO 

-4 



DO 

-5 


•o 

1A 

1A 

6A 

6A 

12A 

12A 

20A 

20A 

30A 

40A 

•fsm 

35A 

50A 

75A 

125A 

150A 

250A 

225A 

300A 

300A 

700A 

VrrmIVI 50 

D2601F 

02201 F 

1N3879 

O2406F 

1N3889 

02412F 

1N3899 

D2520F 

1N3909 

02540F 

100 

D2601A 

02201A 

1N3880 

O2406A 

1N3890 

02412A 

1N3900 

D2520A 

1N3910 

O2540A 

200 

02601 B 

02201B 

1N3881 

O2406B 

1N3891 

024128 

1N3901 

02520B 

1N3911 

O2540B 

300 



1N3882 

O2406C 

1N3892 

02412C 

1N3902 

D2520C 

1N3912 


400 

D2601O 

022010 

IN3883 

024060 

1N3893 

024120 

1N3903 

025200 

1N3913 

025400 

500 











600 

D2601M 

D2201M 


‘ D2406M 


02412M 


02520M 


D2B40M 

800 

02601 N 

02201N 









1000 











Reverse 

Recovery 

Time trr 











Typ 

200 ns. 

200 ns. 


200 ns 


200 ns 

- 

200 ns. 

- 

200 ns. 

Max 

500 ns 

500 ns 

200 ns 

350 ns 

200 ns 

350 ns 

200 n$. 

350 ns. 

200 ns. 

350 ns. 

File No 

723 

629 

726 

663 

727 

664 

728 

665 

729 

580 


For Horizontal-Deflection Circuits 


RCA 

Rectifiers 


DO-26 


DO 

-1 


'o 



1.9 A* 




'FSM 



70A 

70A 

30A 


Trace 



D2601M 

02103SF 


02201M 

Commuiaiing 




^2To3T 


02201M 

Lineariiv 







Regulator 







Clamp 

D2600M 




02101S 

■■■ 

Fite No 

839 



522 

522 

629 


IF(RMS) value. 
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Forward Voltage Drop 

The major source of power loss in 
a silicon rectifier arises from the 
forward-conduction voltage drop. 
This characteristic, therefore, is the 
basis for many of the rectifier rat¬ 
ings. 

A silicon rectifier usually requires 
a forward voltage of 0.4 to 0.8 volt, 
depending upon the temperature and 
impurity concentration of the p-n 
junction, before a significant amount 
of current fiows through the device. 
As shown in Fig. 53, a slight rise 



Fig. 53—Typical forward characteristics 
of a silicon rectifier. 

in the forward voltage beyond this 
point causes a sharp increase in the 
forward current. The slope of the 
voltage-current characteristic at 
voltages above this threshold value 
represents the dynamic resistance of 
the rectifier. Losses that result from 
this resistance characteristic in¬ 
crease as the square of the current 
and thus increase rapidly at high 
current levels. The dynamic resist¬ 
ance is dependent upon the construc¬ 
tion of the rectifier junction and is 
inversely proportional to the area 
of the silicon pellet. 

Fig. 53 also shows that, at any 
reasonable current level, the value of 
forward voltage required to initiate 
current flow through the rectifier 
decreases as the temperature of the 
rectifier junction increases. This 
voltage-temperature dependence has 


a compensatory effect in rectifiers 
operated at high currents, but it is 
a source of difficulty when rectifiers 
are operated in parallel. 

Reverse Current 

When a reverse-bias voltage is 
applied across a silicon rectifier, a 
limited amount of reverse-blocking 
current flows through the rectifier. 
This current is in the order of only 
a few microamperes, as compared 
to the milliamperes or amperes of 
forward current produced when the 
rectifier is forward-biased. Initially, 
as shown in Fig. 54, the reverse cur¬ 
rent increases slightly as the block¬ 
ing voltage increases, but then tends 
to remain relatively constant, even 
though the blocking voltage is in¬ 
creased significantly. Fig. 54 also 
indicates that an increase in operat¬ 
ing temperature causes a substan¬ 
tial increase in reverse current for 
a given reverse voltage. Reverse¬ 
blocking thermal runaway may oc¬ 
cur because of this characteristic if 
the reverse dissipation becomes so 
large that, as the junction tempera¬ 
ture rises, the losses increase faster 
than the rate of cooling. 


VOLTAGE 0 



Fig. 54—Typical reverse characteristics 
of a silicon rectifier. 

If the reverse blocking voltage is 
continuously increased, it eventually 
reaches a value (which varies for 
different types of silicon rectifiers) 
at which a very sharp increase in 
reverse current occurs. This voltage 
is called the breakdown or avalanche 
(or zener) voltage. Although recti- 
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fiers can operate safely at the ava¬ 
lanche point, the rectifier may be 
destroyed as a result of thermal 
runaway if the reverse voltage in¬ 
creases beyond this point or if the 
temperature rises sufficiently (e.g., 
a rise in temperature from 25 °C to 
150°C increases the current by a fac¬ 
tor of several hundred). 

Reverse Recovery Time 

After a silicon rectifier has been 
operated under forward-bias condi¬ 
tions, some finite time interval (in 
the order of a few microseconds) 
must elapse before it can return to 
the reverse-bias condition. This re- 
verse-recovery time is a direct con¬ 
sequence of the greatly increased 
concentration of charge carriers in 
the central region that occurs dur¬ 
ing forward-bias operation. If the 
bias is abruptly reversed, some of 
these carriers abruptly change di¬ 
rection and move out in the reverse 
direction, and the remainder re¬ 
combine with opposite-polarity types. 
Because there is a finite number of 
these carriers in the central region, 
and there is no source of additional 
charge carriers to replace those 
that are removed, the device will 
eventually go into the reverse-bias 
condition. During the removal 
period, however, the charge carriers 
constitute a reverse current known 
as the reverse-recovery current. 

Fig. 55 shows the current wave¬ 
form obtained when a sinusoidal 
voltage is applied across a silicon 
rectifier. During the positive alter¬ 
nation of the input voltage, the rec¬ 
tifier conducts and accumulates 
stored charge. When the supply volt¬ 
age reverses polarity, the reverse 
recovery current flows through the 
rectifier until all the stored charge 
is removed. 

The reverse-recovery time im¬ 
poses an upper limit on the fre¬ 
quency at which a silicon rectifier 
may be used. Any attempt to oper¬ 
ate the rectifier at frequencies above 
this limit results in a significant de¬ 
crease in rectification efficiency and 


may also cause severe overheating 
and resultant destruction of the rec¬ 
tifier because of power losses during 
the recovery period. 
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Fig. 55—Test circuit and output current 
waveform obtained when a sinusoidal volt¬ 
age is applied across a silicon rectifier. 

MAXIMUM RATINGS 

Ratings for silicon rectifiers are 
determined by the manufacturer on 
the basis of extensive testing. These 
ratings express the manufacturer's 
judgment of the maximum stress 
levels to which the rectifiers may be 
subjected without endangering the 
operating capability of the unit. The 
various factors for which silicon 
rectifiers must be rated include: 
peak reverse voltage, forward cur¬ 
rent, surge (or fault) current, oper¬ 
ating and storage temperatures, am¬ 
peres squared-seconds, and mount¬ 
ing torque. 

Peak Reverse Voltage 

Peak reverse voltage (PRV) is 
the rating used by the manufacturer 
to define the maximum allowable re¬ 
verse voltage that can be applied 
across a rectifier. This rating is less 
than the avalanche breakdown level 
on the reverse characteristic. With 
present-day diffused junctions, the 
power dissipation at peak reverse 
voltage is a small percentage of the 
total losses in the rectifier for opera¬ 
tion at the maximum rated current 
and temperature levels. The reverse 
dissipation may increase sharply, 
however, as temperature or blocking 
voltage is increased to a point be¬ 
yond that for which the device is 
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capable of reliable operation. It is 
important, therefore, to operate 
within ratings. 

A transient reverse voltage rat¬ 
ing may be assigned when it has 
been determined that increased volt¬ 
age stress can be withstood for a 
short time duration provided that 
the device returns to normal operat¬ 
ing conditions when the overvoltage 
is removed. This condition is illus¬ 
trated in Fig. 56. 

Peak-reverse voltage ratings for 
single-junction silicon rectifiers 
range from 50 to 1500 volts and 
for multiple-junction silicon-recti¬ 
fier stacks may be as high as several 
hundred thousands of volts. 


-f - - - 

TRANSIENT PRV 



kini 


REPETITIVE PRV 
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Fig. 56—Typical waveform of repetitive 
and transient reverse voltages applied 
across a silicon rectifier. 


Forward Current 

The current rating assigned to a 
rectifier is expressed as a maximum 
value of forward current at a spe¬ 
cific case temperature. For these 
conditions, the power dissipation 
and internal temperature gradient 
through the thermal impedance 
from junction to case are such that 
the junction is at or near the maxi¬ 
mum operating temperature for 
which the blocking-voltage rating 
can be maintained. At current levels 
above this maximum rating, the in¬ 
ternal and external leads and termi¬ 
nals of the device may experience 
excessive temperatures, regardless 
of the heat sink provided for the 
pellet itself. The current rating can 
be described more fully in the form 
of a curve such as that shown in 
Fig. 57. 
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Fig. 57—Current rating chart for a 12- 
ampere silicon rectifier. 


Because the current through a 
rectifier is not normally a smooth 
flow, current ratings are usually ex¬ 
pressed in terms of average current 
(lavg), peak current (Ipk), and rms 
current (Irms). Each of these cur¬ 
rents may be expressed in terms 
of the other two currents. 

The waveshapes shown in Figs. 58 
and 59 help to illustrate the relation¬ 
ships among these ratings. For ex¬ 
ample, Fig. 58 shows the current 
variation with time of a sine wave 



Fig. 58—Variation of current of a sine 
wave with time. 


that has a peak current Ipeak of 10 
amperes. The area under the curve 
can be translated mathematically 
into an equivalent rectangle that in¬ 
dicates the average value lav of the 
sine wave. The relationship between 
the average and peak values of the 
total sine-wave current is then given 
by 

lav = 0.637 Ipeak 
or 


Ipeak = 1.57 lav 
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However, the power P consumed 
by a device (and thus the heat gen¬ 
erated within it) is equal to the 
square of the current through it 
times its finite electrical resistance 
R (i.e., P =: PR). Therefore, the 
power is proportional to the square 
of the current rather than to the 
peak or average value. Fig. 59 
shows the square of the current for 
the sine wave of Fig. 58. A horizon¬ 
tal line drawn through a point half¬ 
way up the curve indicates the 
average (or mean) of the squares, 
and the square root of the value 
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Fig. 59—Variation of the square of sine- 
wave current with time. 


at this point is the root-mean-square 
(rms) value of the current. The re¬ 
lationship between rms and peak 
current is given by 

Irms = 0.707 Ipeak 
or 

Ipeak = 1.414 Irms 

Because a single rectifier cell 
passes current in one direction only, 
it conducts for only half of each 
cycle of an ac sine wave. Therefore, 
the second half of the curves in Figs. 
114 and 115 is eliminated. The aver¬ 
age current lav then becomes half of 
the value determined for full-cycle 
conduction, and the rms current Irms 
is equal to the square root of half the 


mean-square value for full-cycle 
conduction. In terms of half-cycle 
sine-wave conduction (as in a single¬ 
phase half-wave circuit), the rela¬ 
tionships of the rectifier currents 
are as shown in Table VII: 


Table VI I—Rectifier Current 
Relationships 

TT X X.v - 3*14 I.v 

(l/>r) Ipeak — 0.32 I peak 
(7r/2) lav = 1.57 lav 
(2/7r) Irms = 0.64 Irms 
2 Irms 
0.5 Ipeak 

For different combinations of recti¬ 
fier cells and different circuit con¬ 
figurations, these relationships are, 
of course, changed again. Current 
(and voltage) relationships have 
been derived for various types of 
rectifier applications and are given 
in the section on DC Power Supplies. 

Published data for silicon rectifiers 
usually include maximum ratings 
for both average and peak forward 
current. As shown in Fig. 60, the 
maximum average forward current 
is the maximum average value of 
current which is allowed to flow in 
the forward direction during a full 
ac cycle at a specified ambient or 
case temperature. Typical average 
current outputs range from 0.5 am¬ 
pere to as high as 100 amperes for 
single silicon diodes. The peak 
recurrent forward current is the 
maximum repetitive instantaneous 
forward current permitted under 
stated conditions. 

- SURGE OR FAULT CURRENT 


Q _ peak repetitive 

^ f ^ CURRENT 

-J__L_ average forward 

/ \ CURRENT 

Fig. 60—Representation of rectifier cur¬ 
rents. 

The dual maximum ratings are 
required because, under certain con¬ 
ditions (e.g., when a highly capaci¬ 
tive load is used), it is possible for 
the average current tp be low and 


Ipeak — 
lav = 
Irma 
lav = 

Ipeak — 
Irma ” 
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for the peak current to be high 
enough to cause overheating of the 
rectifier. The approximate expression 
for power losses P in a silicon rec¬ 
tifier, given by the following equa¬ 
tion, can be used to explain how 
this type of operation is possible: 

Pwatts ~ (Vdcldc) “{~ (Irms^ Rdyn) 

where the voltage Vdc is 0.4 to 0.8 
volt depending upon the junction 
temperature; the direct current Idc 
is equivalent to the average current 
lavg. the current Irms is the true rms 
current and, for a fixed average 
current, increases as the peak cur¬ 
rent increases; and Rdyn is the dy¬ 
namic resistance of the rectifier 
over the current range considered. 

An analysis of the above equation 
for power losses shows that if the 
peak current is increased and the 
conduction time is decreased so that 
the average current is held constant, 
the rms current and, therefore, the 
power dissipated in the rectifier 
(Irms^ Rdyn) are also increased. This 
behavior explains why the maxi¬ 
mum permissible value of average 
current in multiple-phase circuits is 
reduced as the number of phases is 
increased and the conduction period 
is reduced. Fig. 57 shows the effect 
of the number of phases on the vari¬ 
ation in average current with case 
temperature. 

Surge Current 

A third maximum-current limit 
given in the manufacturer’s data on 
silicon rectifiers is the surge (or 
fault) current rating. During opera¬ 
tion, unusually high surges of cur¬ 
rent may result from inrush current 
at turn-on, load switching, and short 
circuits. A rectifier can absorb a 
limited amount of increased dissipa¬ 
tion that results from short-duration 
high surges of current without any 
effect except a momentary rise in 
junction temperature. If the surges 
become too high, however, the tem¬ 
perature of the junction may be 
raised beyond the maximum capabil¬ 


ity of the device. The rectifier may 
then be driven into thermal run¬ 
away and, consequently, be de¬ 
stroyed. Fig. 61(a) shows a typical 
surge-current rating curve for a sili¬ 
con rectifier. 

If the value and duration of an¬ 
ticipated current surges exceed the 
rating of the rectifier, impedance 
may be added to the circuit to limit 
the magnitude of the surge current, 
or fuses may be used to limit the 
duration of the surges. In some 
cases, a rectifier that has an aver¬ 
age-current rating higher than that 
required by the circuit must be used 
to meet surge requirements of the 
circuit. This technique eliminates the 
need for additional circuit imped¬ 
ance elements or special fusing. 
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Fig. 61 — (a) Peak-surge-current rating 
chart for a 12-ampere silicon rectifier; 
(b) coordination chart that relates rectifier 
surge-current rating (curve A), opening 
characteristics of circuit fuses (curve B), 
and maximum available surge current in 
a circuit (curve C). 
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If fuses are used to protect the 
rectifiers, a coordination chart, such 
as that shown in Fig. 61(b), should 
be constructed. This chart shows the 
surge rating of the rectifier (curve 
A), the opening characteristics of 
the fuse (curve B), and the maxi¬ 
mum surge current available in the 
circuit (curve C). In the construc¬ 
tion of a coordination chart for a 
particular rectifier, the rms value 
of the surge current can be obtained 
from a universal surge-current rat¬ 
ing chart, such as that shown in 
Fig. 62. The opening characteristics 
of the fuse can be obtained from the 
manufacturer’s published data, and 
the maximum surge current can be 
calculated. 



Note: The rms current given by this curve is a 
partial surge rating and should be added to the 
normal rms current to determine the total surge 
rating. 
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Fig. 62—Universal surge-current rating 
chart for RCA silicon rectifiers. 

The coordination chart shown in 
Fig. 61(b) was prepared for a 12- 
ampere silicon rectifier operated in 
half-wave service from a 220-volt 
rms ac source and protected by a 
fuse having opening characteristics 
as shown by curve B. If the total 
short-circuit impedance of all the 
rectifier elements is determined to 
be 2.25 ohms, the peak surge current 
Is for full-wave operation can be 
calculated as follows: 


^ _ 220 Vrms X 1.41 

Is “ -- 

2.25 

= 137.6 amperes 

For half-wave service, the peak 
surge current (L = Ipk) can be con¬ 
verted to rms current by use of the 
relationship given in Table VII, as 
follows: 


Irms — ^ Ipk 


137.6 

2 


, or 68.8 amperes 


Curve A of Fig. 61(b) , which is 
merely a reproduction of the 12- 
ampere curve on the universal rating 
chart shown in Fig. 62, gives the 
surge-current rating of the 12- 
ampere silicon rectifier, but does not 
consider the normal rms value of 
current that the rectifier can handle. 
This normal value of rms current 
must be subtracted from the total 
surge current to determine the ac¬ 
tual overcurrent of the fault. First, 
the relationships in Table VII are 
used to convert the average-current 
rating of the rectifier to the normal 
rms value, as follows: 

Irms 1* 57 lavg 

= 1.57 X 12, or 18.8 amperes 

The overcurrent is then determined 
from the following calculation: 

Isurge Inormal — 68.8 —18.8, 

or 50 amperes 

The 50-ampere fault current is 
represented on the coordination 
chart in Fig. 61(b) by the straight- 
line curve C. The 12-ampere recti¬ 
fier can sustain a fault current of 
this magnitude for 51 milliseconds, 
as indicated by the point of intersec¬ 
tion of curves A and C. The fuse, 
however, opens and interrupts the 
flow of current in the circuit after 
43 milliseconds, as indicated by the 
point of intersection of curves B 
and C, and the rectifier is protected. 
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Amperes Squared-Seconds 
(Pt) 

The amperes-squared-seconds (Ft) 
rating for silicon rectifiers is a use¬ 
ful figure of merit that provides im¬ 
portant information for fuse coordi¬ 
nation. This rating indicates the 
energy, E, required to melt the 
fusible material of a particular fuse; 
it is based on the following familiar 
power relationship: 

P = PR 

where R is the resistance of the fuse 
element and I is the rms value of 
the current in the fuse. 

The above equation can be ex¬ 
pressed in terms of energy (E = 
P t) as follows: 

E = FRt 

The resistance R is constant for a 
given fuse material; this term is 
dropped from the equation to obtain 
the figure of merit I^t that is di¬ 
rectly proportional to the energy 
required to melt the fuse material. 

The Ft rating for a particular sili¬ 
con rectifier can be determined di¬ 
rectly from the surge-current curves 
for the device. For example, the I^t 
rating for a rectifier operated with 
a 60-Hz ac input can be calculated 
from the following relationship: 

t 2 ^ _ one-cycle surge-current rating 
it _ 2 

X 16.67 X 10'" 

In this relationship, the factor 
16.67 X 10"® represents the time in 
seconds for one cycle of operation 
at 60-Hz, and the peak surge-current 
value is divided by 2 to obtain the 
rms value (i.e., Irms = Ipk/2). 

The peak value of surge current 
that can be sustained by a 12-ampere 
silicon rectifier is 240 amperes, as 
indicated by the curves shown in 
Fig. 61(a). The Ft rating for the 
rectifier is calculated as follows: 


1=^ = (-^1^) ' X 16.67 X 10-" 
zn 240 amperes squared-seconds 

For periods of operation less than 
that for one cycle of a 60-Hz sine 
wave (i.e., for subcycle time 
periods), the manufacturer’s data 
does not specify the exact surge- 
current capability of a rectifier. Un¬ 
der such conditions, a somewhat dif¬ 
ferent procedure is required for 
fuse coordination. In this procedure, 
consideration must be given to two 
important factors. 

First, the worst-case condition for 
fusing results from the application 
of a square wave of current. If other 
current waveforms are converted 
into an equivalent square wave, a 
conservative fusing rating can be 
obtained. For example, a half-sine 
wave of 60-Hz current has a dura¬ 
tion of 8.3 milliseconds. The dura¬ 
tion of an equivalent square wave 
having the same peak amplitude is 
4.16 milliseconds, as indicated in 
Fig. 63. 



Fig. 63 — Square-wave equivalent of a half 
sine-wave of 60-Hz current. 

Second, because of fundamental 
differences in thermal and struc¬ 
tural characteristics, the surge- 
current capabilities of solid-state 
devices and fuses also differ. For 
fuses, this capability is a constant 
proportional to Ft. For a solid-state 
device this capability is proportional 
to I^'t, where x is some value be¬ 
tween 2 and 3. A safe approxima¬ 
tion for a rectifier surge-current 
failure curve would result from the 
use of I®t to define the upper energy 
limit. 
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The two factors discussed above 
are taken into account in the sub¬ 
cycle surge-current rating chart 
shown in Fig. 64. In this chart, the 
peak surge-current that can be sus¬ 
tained by a rectifier for a subcycle 
period is normalized by the peak 
one-cycle surge-current rating (I^t) 
and plotted as a cubic function of 
time. The normalized Ft value for 
the single-cycle surge (which is 
equivalent to a 4.16 millisecond 
square wave) is assigned the value 
of 1, and a line that has a slope of 
1/3 is drawn through this point (1, 
4.16 ms.) on a log-log graph to de¬ 
fine the subcycle surge-current capa¬ 
bility of a silicon rectifier. Use of 
this curve is illustrated by the fol¬ 
lowing example, in which the Ft 
rating is to be determined for a 1 
millisecond duration. 

The subcycle surge-current rating 
curve in Fig. 64 shows that the 
normalizing factor at 1 millisecond 
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Fig. 64—Subcycle surge-current rating 
chart. 

is 0.62. The 1-millisecond Ft value 
is then determined as follows: 

I t(i ms) — 0.62 I t(single cycle) 

For a 12-ampere silicon rectifier, 
which has a single-cycle surge capa¬ 


bility of 240 amperes squared- 
seconds, this value becomes 

Fta ms) = (0.62) 240 A^s 
= 149 A^s 

For the 12-ampere silicon rectifier, 
therefore, the I^t rating for a time 
period of 1 millisecond is 149 am¬ 
peres squared-seconds. This value 
can then be used to calculate the 
peak square-wave current allowable 
for a 1-millisecond as follows: 

T /. X / 149 V'"' 

Ip. (1 ms) = 

— 386 amperes 

The I^t fusing rating may be de¬ 
termined by an alternate approach 
if the peak available short-circuit 
current is known. Fig. 65 shows a 
relationship between short-circuit 
currents and published single-cycle 
Ft ratings. This chart, like that 
shown in Fig. 64, is based on a con¬ 
stant I^t so that for peak currents 
that exceed the single-cycle rating, 
the Ft capability is inversely pro¬ 
portional to the peak current, as in¬ 
dicated by the following relation¬ 
ship: 

Ft = K 

Ft = K/I 

As an example of the use of the 
alternate technique, it is assumed 
that a device that has a single-cycle 
peak surge-current rating of 350 
amperes is to be used in an appli¬ 
cation in which a short-circuit cur¬ 
rent of 400 amperes is available. 
The 400-ampere fault current is lo¬ 
cated on the abscissa of Fig. 65. 
This point is projected vertically 
upward to intersect the 350-ampere 
published single-cycle rating. The 
ordinate of the chart then shows an 
Ft rating of 440 amperes squared- 
seconds. If the same silicon rectifier 
is used in an application for which 
a short-circuit current of 700 am¬ 
peres is available, the fuse should 
have an Ft rating of 255 amperes 
squared-seconds. 
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Fig. 65—Maximum permissible Ft as a function of peak available short-circuit current. 


SPECIAL TYPES OF 
SILICON RECTIFIERS 

Silicon rectifiers that exhibit 
unique characteristics can be ob¬ 
tained by special contouring of the 
basic rectifier junction structure, by 
use of special processing techniques, 
or by selective testing. This group 
includes fast-recovery rectifiers, con- 
trolled-avalanche rectifiers, voltage- 
reference (zener) diodes, and com¬ 
pensating diodes. 


Fast-Recovery Rectifiers 

In the selection of silicon recti¬ 
fiers for television high-voltage 
power supplies, high-speed inverters, 
switching regulators, and other 
high-frequency applications, fast re¬ 
covery characteristics are a major 
requisite. The actual recovery time 
of a rectifier is dependent not only 
upon the structural characteristics 
of the device, but also upon factors 
such as the amount of forward cur- 
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rent prior to turn-off, the rate of 
decay of the forward current, the 
magnitude of the applied reverse 
voltage, and the junction tempera¬ 
ture of the rectifier. A manufac¬ 
turer’s specification for the reverse 
recovery time of a given rectifier is 


meaningful, therefore, only if the 
critical parameters and the actual 
test circuit used for the measure¬ 
ment are also specified. Table VIII 
lists and shows significant electrical 
characteristics for RCA fast-recov¬ 
ery silicon rectifiers. 


Table VIII—RCA Fast-Recovery Silicon Rectifiers 



Forward Current 



Voltage Drop 

Rev. Recovery Time | 

RCA 

RMS 

Av. 

Surge 


Voltage 

Temp. Range 






TYPE 

•f(rms) 

•o 

•fsm 

Temp.-T/v^ 

'/rrm 

Operating 

vp 

ip 

trr 

•PM 

TC 


A 

A 

A 

OC 

V 

OC 

V 

A 

MS 

A 

OC 

D2103SF 

3 

- 

70 

150** 

750 

-30 to 80 

1.4 

4 

0.5 

3.14 

25 

D2103S 

3 

- 

70 

150** 

700 

-30 to 80 

1.4 

4 

0.5 

3.14 

25 

D2101S 

1 

- 

30 

45 

700 

-30 to 80 

1.5 

4 

0.7 

3.14 

25 

D2201 F 

1.5 

1 

50* 

100* 

50 

-40 to 150 

1.9 

4 

0.5 

3.14 

25 

D2201A 

1.5 

1 

50* 

100* 

100 

^Oto 150 

1.9 

4 

0.5 

3.14 

25 

D2201B 

1.5 

1 

50* 

100" 

200 

-40 to 150 

1.9 

4 

0.5 

3.14 

25 

D2201D 

1.5 

1 

50* 

100* 

400 

^0 to 150 

1.9 

4 

0.5 

3.14 

25 

D2201M 

1.5 

1 

50* 

100* 

600 

-40 to 150 

1.9 

4 

0.5 

3.14 

25 

D2201N 

1.5 

1 

50* 

100* 

800 

-40 to 150 

1.9 

4 

0.5 

3.14 

25 

D2406F 

9 

6 

125 

100 

50 

^0 to 160 

1.4 

6 

0.35 

19 

25 

D2406A 

9 

6 

125 

100 

100 

-40 to 150 

1.4 

6 

0.35 

19 

25 

D2406B 

9 

6 

125 

100 

200 

-40 to 150 

1.4 

6 

0.35 

19 

25 

D2406C 

9 

6 

125 

100 

300 

^Oto 150 

1.4 

6 

0.35 

19 

25 

D2406D 

9 

6 

125 

100 

400 

-40 to 150 

1.4 

6 

0.35 

19 

25 

D2406M 

9 

6 

125 

100 

600 

-40 to 150 

1.4 

6 

0.35 

19 

25 

1N3879 

9 

6 

75 

100 

50 

-65 to 150 

1.4 

6 

0.20 

1 

25 

1N3880 

9 

6 

75 

100 

100 

-65 to 150 

1.4 

6 

0.20 

1 

25 

1N3881 

9 

6 

75 

100 

200 

-65 to 150 

1.4 

6 

0.20 

1 

25 

1N3882 

9 

6 

75 

100 

300 

-65 to 150 

1.4 

6 

0.20 

1 

25 

1N3883 

9 

6 

75 

100 

400 

-65 to 150 

1.4 

6 

0.20 

1 

25 

D2412F 

18 

12 

250 

100 

50 

-40 to 150 

1.4 

12 

0.35 

38 

25 

D2412A 

18 

12 

250 

100 

100 

-40 to 150 

1.4 

12 

0.35 

38 

25 

D2412B 

18 

12 

250 

100 

200 

-40 to 150 

1.4 

12 

0.35 

38 

25 

D2412C 

18 

12 

250 

100 

300 

^to 150 

1.4 

12 

0.35 

38 

35 

D2412D 

18 

12 

250 

100 

400 

-40 to 150 

1.4 

12 

0.35 

38 

25 

D2412M 

18 

12 

250 

100 

600 

-40 to 150 

1.4 

12 

0.35 

38 

25 

1N3889 

18 

12 

150 

100 

50 

-65 to 150 

1.4 

12 

0.20 

1 

25 

1N3890 

18 

12 

150 

100 

100 

-65 to 150 

1.4 

12 

0.20 

1 

25 

1N3891 

18 

12 

150 

100 

200 

-65 to 150 

1.4 

12 

0.20 

1 

25 

1N3892 

18 

12 

150 

100 

300 

-65 to 150 

1.4 

12 

0.20 

i 1 

25 

1N3893 

18 

12 

150 

100 

400 

-65 to 150 

1.4 

12 

0.20 

1 ! 

25 

D2520F 

30 

20 

300 

100 

50 

-40 to 150 

1.4 

20 

0.35 

63 

25 

D2520A 

30 

20 

300 

100 

100 

-40 to 150 

1.4 

20 

0.35 

63 

25 

D2520B 

30 

20 

300 

100 

200 

-40 to 150 

1.4 

20 

0.35 

63 

25 

D2520C 

30 

20 

300 

100 

300 

-40 to 150 

1.4 

20 

0.35 

63 

25 

D2520D 

30 

20 

300 

100 

400 

-40 to 150 

1.4 

20 

0.35 

63 

25 

D2520M 

30 

20 

300 

100 

600 

-40 to 150 

1.4 j 

20 

0.35 

63 

25 

1N3899 

30 

20 

225 

100 

50 

-65 to 150 

1.4 

20 

0.20 

1 

25 

1N3900 

30 

20 

225 

100 

100 ^ 

-65 to 150 

1.4 

20 

0.20 

1 

25 

1N3901 

30 

20 

225 

100 

200 i 

-65 to 150 

1.4 

20 

0.20 

1 

25 

1N3902 

30 

20 

225 

100 

300 , 

-65 to 150 

1.4 

20 

0.20 

1 

25 

1N3903 

30 

20 

225 

100 

400 

-65 to 150 

1.4 

20 

0.20 

1 

25 

1N3909 

45 

30 

300 

100 

■ 50 

-65 to 150 

1.4 

30 

0.20 

1 

25 

1N3910 

45 

30 

300 

100 

100 

-65 to 150 

1.4 

30 

0.20 

1 

25 

1N3911 

45 

30 

300 

100 

200 

-65 to 150 

1.4 

30 

0.20 

1 

25 

1N3912 

45 

30 

300 

100 

300 

-65 to 150 

1.4 

30 

0.20 

1 

25 

1N3913 

45 

30 

300 

100 

400 

-65 to 150 

1.4 

30 

0.20 

1 

25 
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Table VIII—RCA Fast-Recovery Silicon Rectifiers (cont'd) 



Forward Current 



Voltage Drop 

Rev. Recovery Time 1 

RCA 

RMS 

Av. 

Surge 


Voltage 

Temp. Range 






TYPE 

•f(rms) 

•o 

•fsm 

Temp.-TQ 

Vrrm 

Operating 

''f 

•F 

*rr 

•fm 

TC 


A 

A 

A 

OC 

V 

OC 

V 

A 

MS 

A 

OC 

D2540F 

60 

40 

700 

165 

50 

-40 to 150 

1.8 

100 

0.35 

125 

25 

D2540A 

60 

40 

700 

165 

100 

-40 to 150 

1.8 

100 

0.35 

125 

25 

D2540B 

60 

40 

700 

165 

200 

-40 to 150 

1.8 

100 

0.35 

125 

25 

D2540D 

60 

40 

700 

165 

400 

-40 to 150 

1.8 

100 

0.35 

125 

25 

D2540M 

60 

40 

700 

165 

600 

-40 to 150 

1.8 

100 

0.35 

125 

25 

D2601F ' 

1.5 

1 

35^ 

100" 

50 

-40 to 150 

1.9 

4 

0.5 

20 

25 

D2601A 

1.5 

1 

35* 

100" 

100 

-40 to 150 

1.9 

4 

0.5 

20 

25 

D2601B 

1.5 

1 

35f 

100* 

200 

-40 to 150 

1.9 

4 

0.5 

20 

25 

02601D 

1.5 

1 

35^ 

100* 

400 

-40 to 150 

1.9 

4 

0.5 

20 

25 

D2601M 

1.5 

1 

35t 

100* 

600 

-40 to 150 

1-9 

4 

0.5 

20 

25 

D2601N 

1.5 

1 

35* 

100* 

800 

-40 to 150 

1.9 

4 

0.5 

20 

25 


•• Junction Temperature 
• At Junction Temperature (Tj) = 150 OC 

^ At Junction Temperature (Tj) = 165°C * Lead Temperature 


Recovery-Time Test Circuit—Fig. 
66(a) shows a circuit recommended 
by the JED EC Committee (JC-22) 
on Power Rectifiers for use in the 
measurement of rectifier recovery 
time. In this circuit, capacitor C is 
charged during the positive alterna¬ 
tion of the input ac voltage. During 
the negative half-cycle, the silicon 
controlled rectifier (SCR) is trig¬ 
gered, and capacitor C discharges 
through inductor L and the rectifier 
on which the recovery-time measure¬ 
ments is being made. The resultant 
test-current waveform is shown in 
Fig. 66(b). Inductor L and capaci¬ 
tor C form a series resonant circuit 
so that the forward current through 
the rectifier is very nearly a half 
sine wave. The peak forward cur¬ 
rent Ifm is specified as tt times the 
average rated value of the half-sine- 
wave current through the rectifier. 
The rate of decay of the forward 
current (—di/dt) is specified as the 
slope of a straight line that passes 
Regardless of the value of the peak 


through the points Ifm/2 and zero, 
forward current, the di/dt value is 
specified as 25 amperes per micro¬ 
second for high-power stud-mounted 
rectifiers and 10 amperes per micro¬ 
second for low-power lead-mounted 
rectifiers. For a true half-sine-wave 
pulse, the increment from Ifm/2 to 
zero represents 30 electrical degrees, 
or one-sixth the total width of the 
forward-current pulse. The rate of 
decay of the forward current, there¬ 
fore, can be expressed in terms of 
the over-all pulse width (PW) as 
follows: 

di _ Ifm/2 _ 3Ifm 

dt ~ (PW)/6’ ” 'PW 

For stud-mounted rectifiers, the 
di/dt value is specified as 25 am¬ 
peres per microseconds. The pulse 
width, therefore, is defined by the 
following relationship: 


PW = 3Ifm/25 = 0.12Ifm 
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WIDE-BAND 

OSCILLOSCOPE 


(a) 



(b) 92CS-25684 

Fig. 66—Test circuit and waveform for 
rectifier reverse-recovery-time measurement. 


The relationships expressed above 
all assume zero circuit losses. Some 
adjustment of the calculated values 
of L and C may be required to com¬ 
pensate for these losses. 

For lead-mounted rectifiers, the 
di/dt value is specified as 10 am¬ 
peres per microsecond, and the ex¬ 
pression for the pulse width be¬ 
comes 


PW = 3Ifm/10 = O.SIfm 


The desired width of the current 
pulse is obtained by selection of the 
proper values for L and C in the 
test circuit. The values of these 
components are determined from 
the following relationships: 

PW = TT (LC)"/" 

C = Ifm (PW)/7r Vp 

where Vp is the peak voltage across 
the capacitor. 

A typical practical circuit for 
measurement of the recovery time 
of a fast-recovery rectifier is shown 
in Fig. 67. The diode in parallel 
with the S6431M SCR in this cir¬ 
cuit carries the reverse current 
through the LC circuit so that the 



92CS-25685 

Fig. 67—A typical, practical circuit for measurement of the recovery time of a fast- 

recovery rectifier. 
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reverse recovery characteristics of 
the rectifier are not affected by the 
reverse recovery characteristic of 
the SCR. 

Many other circuits have been 
used for measuring reverse recovery 
time. Fig. 68 shows one method 
which has been used as the basis for 
reverse-recovery data by some man¬ 
ufacturers. In this circuit, the for¬ 
ward-current supply and the asso¬ 
ciated resistors are adjusted to 
provide a specified value of forward 
current. The reverse-current supply 
is adjusted to supply a specified 
value of reverse-recovery current 
when switch S is closed. In some 
cases, the switch S and the reverse- 
current supply are replaced by a 
pulse generator. 


ZENER 

DIODE 




Fig. 68—Typical circuit used to measure 
reverse recovery time of a rectifier. 

Unfortunately, most of the differ¬ 
ent methods of measuring reverse 
recovery time yield widely varying 


results. The values obtained depend 
on many factors, including the mag¬ 
nitude of forward current, the mag¬ 
nitude of reverse-recovery current, 
the point on the waveform at which 
recovery time is measured (usu¬ 
ally 10 per cent of peak reverse cur¬ 
rent) , and the rate at which forward 
current decays toward zero (usually 
a function of circuit layout, stray 
capacitance, and inductance). 

Correlation of reverse-recovery 
time measurements between equip¬ 
ments at different locations becomes 
difficult in circuits which produce 
very rapid rates of change in cur¬ 
rent (such as the circuit shown in 
Fig. 68). Seemingly minor changes 
in circuit layout can have a large 
effect on the measured reverse-recov¬ 
ery time. The circuit shown in Fig. 
66, which uses a half-sine-wave 
test-current pulse, yields results 
which are readily reproducible, even 
with widely differing circuit layouts. 
For this reason it is considered the 
most meaningful method of evaluat¬ 
ing the reverse-recovery characteris¬ 
tic of a rectifier. 

Types of Recovery Characteristics 
—In a given circuit, three types 
of recovery characteristics may ex¬ 
ist, depending upon the type of rec¬ 
tifier used. Although the exact shape 
of recovery characteristic is a func¬ 
tion of the circuit, the basic form 
of the characteristic is as shown 
in Fig. 69. The characteristic shown 
in Fig. 69(a) is associated with a 
standard rectifier not designed for 
fast turn-off characteristics. 

Fig. 69(b) shows the recovery 
characteristic of a rectifier which 
recovers its blocking-voltage capa¬ 
bility suddenly. Alhough this ‘‘snap- 
off” type of turn-off characteristic 
is an indication of good high-fre¬ 
quency operation, it can produce 
undesired effects. If the peak mag¬ 
nitude of reverse current from 
which the rectifier snaps off is rela¬ 
tively high, an appreciable amount 
of energy is contained in the har¬ 
monics generated by the snap-off. 
If sensitive radio or television re- 
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92CS-25687 


Fig. 69—Rectifier reverse-recovery char¬ 
acteristics: (a) for conventional rectifiers; 
(b) snap-off fast-recovery characteristic; (c) 
fast-recovery characteristic without abrupt 
switch off. 

ceiving equipment is in the vicinity, 
these harmonics can create interfer¬ 
ence problems. If considerable lead 
inductance is associated with the 
rectifier, the snap-off can induce 
ringing in the lead inductance that 
may result in circuit malfunction. 
In some cases, the high di/dt asso¬ 
ciated with the lead inductance can 
induce voltages large enough to de¬ 
stroy the rectifier. 

The characteristic shown in Fig. 
68(c) represents a rectifier which 
turns off rapidly, but at a some¬ 
what more gradual rate than the 
rectifier recovery characteristic 
shown in Fig. 69(b). Reverse-re¬ 
covery time is only slightly longer 
than that of the snap-off type, but 
the generation of harmonics and 
ringing effects is tremendously re¬ 
duced. RCA fast-recovery rectifiers 


are designed to have a reverse-re¬ 
covery characteristic similar to that 
shown in Fig. 69(c). This type of 
characteristic is achieved by use of 
gold-doping to control the lifetime 
of minority carriers and a junction 
geometry designed to prevent abrupt 
decreases in the peak negative cur¬ 
rent. Fig. 70 shows the reverse-re¬ 
covery characteristics of a typical 
RCA fast-recovery rectifier designed 
for use in an SCR horizontal-deflec¬ 
tion system. 


1 

i 

■ 

■ 







■ 

OB 







■1 

■ 

11 

■ 

FJ 


1 j 11 


4444i 


in 

■ 

m 


m 








T 

Z 

\ 








_z: 









TIME—0.5;is/cm 

92CS-25688 


E 

•Si 

< 

E 

CVJ 

d 


Fig. 70 — Reverse-recovery characteristics 
of an RCA-D2601DF fast-recovery 
rectifier. 

Controlled-Avalanche 

Rectifiers 

Controlled-avalanche types are 
recommended for silicon-rectifier ap¬ 
plications in which the ability to 
withstand high voltage transients is 
an important design consideration. 
In controlled-avalanche rectifiers, 
the voltage at which avalanching 
occurs is predetermined during man¬ 
ufacture by precise control of the 
resistivities (i.e., doping-impurity 
concentrations) in the junction areas 
and by careful attention to the 
geometry of the silicon pellet. 

In the manufacture of controlled- 
avalanche rectifiers, special care is 
taken to assure exceptional regular¬ 
ity of the silicon pellet and an even 
distribution of impurities in both 
the n- and p-type regions of the 
semiconductor junction. In addi¬ 
tion, the edges of the silicon p-n 
junction are shaped to reduce the 
intensity of localized electric fields 
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at the junction surface. These con¬ 
ditions assure that breakdown will 
be uniform across the entire junc¬ 
tion area rather than concentrated 
at weak spots close to the junction 
surface. Such uniform avalanching, 
when maintained within acceptable 
limits, is not destructive. 

Extensive tests of controlled- 
avalanche rectifiers permit precise 
predictions of the behavior of these 
devices under high-reverse-voltage 
conditions. The rectifiers are tested 
to determine their ability to with¬ 
stand high-voltage transients and 
are subjected to life tests to deter¬ 
mine their capability for sustained 
operation in the avalanche region. 
The slope of the current-voltage 
curve in the avalanche region de¬ 
fines the dissipation level at the 
onset of avalanche breakdown and 
also the maximum dissipation level 
that the rectifiers are rated to with¬ 
stand under reverse-bias conditions. 

Within the specified ratings, 
controlled-avalanche rectifiers can 
safely absorb large bursts of en¬ 
ergy, such as may result from 
abrupt switching of inductive cir¬ 
cuits. 


Zener Diodes 


Zener diodes are silicon rectifiers 
in which the reverse current remains 
small until the breakdown voltage is 
reached and then increases rapidly 
with little further increase in volt¬ 
age. The breakdown voltage is a 
function of the diode material and 
construction, and can be varied from 
one volt to several hundred volts for 
various current and power ratings, 
depending on the junction area and 
the method of cooling. A stabilized 
supply can deliver a constant output 
(voltage or current) unaffected by 
temperature, output load, or input 
voltage, within given limits. The 
stability provided by zener diodes 
makes them useful as stabilizing de¬ 
vices and as reference sources. 


Compensating Diodes 


Excellent stabilization of collector 
current for variations in both supply 
voltage and temperature can be ob¬ 
tained by the use of a compensating 
diode operating in the forward di¬ 
rection in the bias network of tran¬ 
sistor amplifier or oscillator circuits. 
Fig. 71(a) shows the transfer char¬ 
acteristics of a transistor; Fig. 
71(b) shows the forward character¬ 
istics of a compensating diode. In a 
typical circuit, the diode is biased 
in the forward direction; the operat¬ 
ing point is represented on the diode 
characteristics by the dashed hori¬ 
zontal line. The diode current at 
this point determines a bias voltage 




Fig. 71 — (a) Transfer characteristics of 
transistor; (b) forward characteristics of 
compensating diode. 
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which establishes the transistor idl¬ 
ing current. This bias voltage shifts 
with varying temperature in the 
same direction and magnitude as the 
transistor characteristic, and thus 
provides an idling current that is 
essentially independent of tempera¬ 
ture. 

The use of a compensating diode 
also reduces the variation in tran¬ 
sistor idling current as a result of 
supply-voltage variations. Because 
the diode current changes in propor¬ 
tion with the supply voltage, the bias 
voltage to the transistor changes in 
the same proportion and idling-cur- 
rent changes are minimized. (The 
use of diode compensation is dis¬ 
cussed in more detail under ‘‘Biasing” 
in the section on Low- and Medium- 
Frequency Power Transistors. 

OVERLOAD PROTECTION 

In the application of silicon recti¬ 
fiers, it is necessary to guard against 
both over-voltage and over-current 
(surge) conditions. A voltage surge 
in a rectifier arrangement can be 
caused by dc switching, reverse recov¬ 
ery transients, transformer switch¬ 
ing, inductive-load switching, and 
various other causes. The effects of 
such surges can be reduced by the 
use of a capacitor connected across 
the input or the output of the recti¬ 
fier. In addition, the magnitude of 
the voltage surge can be reduced by 
changes in the switching elements or 
the sequence of switching, or by a 
reduction in the speed of current in¬ 
terruption by the switching elements. 

In all applications, a rectifier hav¬ 
ing a more-than-adequate peak re¬ 
verse voltage rating should be used. 
The safety margin for reverse volt¬ 
age usually depends on the applica¬ 
tion. For a single-phase half-wave 
application using switching of the 
transformer primary and having no 
transient suppression, a rectifier hav¬ 
ing a peak reverse voltage three or 
four times the expected working 
voltage should be used. For a full- 
wave bridge using load switching 


and having adequate suppression of 
transients, a margin of 1.5 to 1 is 
generally acceptable. 

Because of the small size of the 
silicon rectifier, excessive surge cur¬ 
rents are particularly harmful to rec¬ 
tifier operation. Current surges may 
be caused by short circuits, capacitor 
inrush, dc overload, or failure of a 
single rectifier in a multiple arrange¬ 
ment. In the case of low-power units, 
fuses or circuit breakers are often 
placed in the ac input circuit to the 
rectifier to interrupt the fault cur¬ 
rent before it damages the rectifier. 
When circuit requirements are such 
that service must be continued in 
case of failure of an individual rec¬ 
tifier, a number of rectifiers can be 
used in parallel, each with its own 
fuse. Additional fuses should be 
used in the ac line and in series 
with the load for protection against 
dc load faults. In high-power rec¬ 
tifiers, an arrangement of circuit 
breakers, fuses, and series resist¬ 
ances is often used to reduce the 
amplitude of the surge current. Fus¬ 
ing requirements can be determined 
by use of coordination charts for 
the particular circuits and rectifiers 
used. 

SERIES AND PARALLEL 
ARRANGEMENTS 

Silicon rectifiers can be arranged 
in series or in parallel to provide 
higher voltage or current capabili¬ 
ties, respectively, as required for 
specific applications. 

A parallel arrangement of recti¬ 
fiers can be used when the maximum 
average forward current required is 
larger than the maximum current 
rating of an individual rectifier. In 
such arrangemnts, however, some 
means must be provided to assure 
proper division of current through 
the parallel rectifiers. Parallel rec¬ 
tifier arrangements are not in gen¬ 
eral use. Designers normally use a 
polyphase arrangement to provide 
higher currents, or simply substi¬ 
tute the readily available higher- 
current rectifier types. 
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Series arrangements of silicon rec¬ 
tifiers are used when the applied re¬ 
verse voltage is expected to be 
greater than the maximum peak re¬ 
verse voltage rating of a single sili¬ 
con rectifier (or cell). For example, 
con rectifier. For example, four 
rectifiers having a maximum reverse 
voltage rating of 200 volts each 
could be connected in series to 
handle an applied reverse voltage 
of 800 volts. 

In a series arrangement, the most 
important consideration is that the 
applied voltage be divided equally 
across the individual rectifiers. If the 
instantaneous voltage is not uni¬ 
formly divided, one of the rectifiers 
may be subjected to a voltage greater 
than its specified maximum reverse 


voltage, and, as a result, may be de¬ 
stroyed. Uniform voltage division 
can usually be assured by connection 
of either resistors or capacitors in 
parallel with individual rectifiers. 
Shunt resistors are used in steady- 
state applications, and shunt capaci¬ 
tors in applications in which tran¬ 
sient voltages are expected. Both 
resistors and capacitors should be 
usd if the circui is to be exposed to 
both dc and ac components. When 
only a few rectifiers are in series, 
multiple transformer windings may 
be used, each winding supplying its 
own assembly consisting of one 
series diode. The outputs of the 
diodes are then connected in series 
for the desired voltage. 
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Low- and Medium-Frequency 
Power Transistors 


A p-n junction biased in the re¬ 
verse direction is equivalent to 
a high-resistance element (low 
current for a given applied volt¬ 
age), while a junction biased in the 
forward direction is equivalent to 
a low-resistance element (high cur¬ 
rent for a given applied voltage). 
Because the power developed by a 
given current is greater in a high- 
resistance element than in a low- 
resistance element (P = PR), power 
gain can be obtained in a structure 
containing two such resistance ele¬ 
ments if the current flow is not 
materially reduced. As explained in 
the section Materials, Junctions, and 
Devices, a device containing two p-n 
junctions biased in opposite direc¬ 
tions is called a junction or bipolar 
transistor. 

Fig. 72 shows such a two-junction 
device biased to provide power gain. 
The thick end layers of the tran¬ 
sistor are made of the same type 
of material (n-type in this case), 



Fig. 72—An n-p-n structure biased for 
power gain. 

and are separated by a very thin 
layer of the opposite type of ma¬ 
terial (p-type in the device shown). 


By means of the external batteries, 
the left-hand (n-p) junction is 
biased in the forward direction to 
provide a low-resistance input cir¬ 
cuit, and the right-hand (p-n) junc¬ 
tion is biased in the reverse direction 
to provide a high-resistance output 
circuit. 

Electrons flow easily from the left- 
hand n-type region to the center p- 
type region as a result of the forward 
biasing. Most of these electrons dif¬ 
fuse through the thin p-type region, 
however, and are attracted by the 
positive potential of the external bat¬ 
tery across the right-hand junction. 
In practical devices, approximately 
95 to 99.5 percent of the electron 
current reaches the right-hand n- 
type region. This high percentage of 
currrent penetration provides power 
gain in the righ-resistance output 
circiut and is the basis for transistor 
amplification capability. 

The operation of p-n-p devices is 
similar to that shown for the n-p-n 
device, except that the bias-voltage 
polarities are reversed, and electron- 
current flow is in the opposite direc¬ 
tion. 

DESIGN AND FABRICATION 

The ultimate aim of all tran¬ 
sistor fabrication techniques is the 
construction of two parallel p-n junc¬ 
tions with controlled spacing between 
the junctions and controlled impurity 
levels on both sides of each junction. 
A variety of structures has been 




64 


RCA Solid-State Devices Manuai 


developed in the course of transistor 
evolution. 

The earliest transistors made were 
of the point-contact type. In this 
type of structure, two pointed wires 
were placed next to each other on an 
n-type block of semiconductor ma¬ 
terial. The p-n junctions were formed 
by electrical pulsing of the wires. 
This type has been superseded by 
junction transistors, which are fab¬ 
ricated by various alloy diffusion, 
and crystal-growth techniques. 

In grown-junction transistors, the 
impurity element of the semiconduc¬ 
tor material is changed during the 
growth of the original crystal ingot 
to provide the p-n-p or n-p-n regions. 
The grown crystal is then sliced 
into a large number of small-area 
devices, and contacts are made to 
each region of the devices. Fig. 73(a) 
shows a cross-section of a grown- 
junction transistor. 

In alloy-junction transistors, two 
small ‘‘dots^^ of a p-type or n-type 
impurity element are placed on op¬ 
posite sides of a thin wafer of n-type 
or p-type semiconductor material, 
respectively, as shown in Fig. 73(b). 
After proper heating, the impurity 
‘‘dots^^ alloy with the semiconductor 
materials to form the regions for the 
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Fig. 73 — Cross-sections of junction tran¬ 
sistors. 


emitter and collector junctions. The 
base connection in this structure is 
made to the original semiconductor 
wafer. 

The drift-field transistor is a mod¬ 
ified alloy-junction device in which 
the impurity concentration in the 
base wafer is diffused or graded, as 
shown in Fig. 73(c). Two advantages 
are derived from this structure: 

(a) the resultant built-in voltage or 
“drift field^’ speeds current flow, and 

(b) the ability to use a heavy im¬ 
purity concentration in the vicinity 
of the emitter and a light concen¬ 
tration in the vicinity of the col¬ 
lector makes it possible to minimize 
capacitive charging times. Both 
these advantages lead to a substan¬ 
tial extension of the frequency per¬ 
formance over the alloy-junction 
device. 

The diffused-junction transistor 
represents a major advance in tran¬ 
sistor technology because increased 
control over junction spacings and 
impurity levels makes possible sig¬ 
nificant improvements in transistor 
performance capabilities. A cross- 
section of a single-diffused “home- 
taxial’^ structure is shown in Fig. 
74(a). Hometaxial transistors are 
fabricated by simultaneous diffusion 
of impurity from each side of a homo¬ 
geneously doped base wafer. A mesa 
or fiat-topped peak is etched on one 
side of the wafer in an intricate de¬ 
sign to define the transistor emitter 
and expose the base region for con¬ 
nection of metal contacts. Large 
amounts of heat can be dissipated 
from a hometaxial structure through 
the highly conductive solder joint 
between the semiconductor material 
and the device package. This struc¬ 
ture provides a very low collector 
resistance. 

Double-diffused transistors have an 
additional degree of freedom for 
selection of the impurity levels and 
junction spacings of the base, emit¬ 
ter, and collector. This structure pro¬ 
vides high voltage capability through 
a lightly doped collector region with¬ 
out compromise of the junction spac¬ 
ings which determine device fre- 
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Fig. 74 — Cross-sections of diffused transistors. 


quency response and other important 
characteristics. Fig. 74(b) shows a 
typical double-diffused transistor; 
Mu* emitter and luise junctions are 
ditfused into tlu' same side of th<‘ 
original semiconductoi' wafer, which 
serves as the collector. A mesa is 
usually etched through the base re¬ 
gion to reduce the collector area at 
the base-to-collector junction and to 
provide a stable semiconductor sur¬ 
face. 

Double-diffused planar transistors 
provide the added advantage of pro- 
t i'ction or passivation of the emitter- 
(.o- l)as(' and collector-to-base junction 
surfaces. Fig. 74(c) shows a typical 
doubh' diffused planar transistor. The 
base and emitter regions terminate 
at the top surface of the semicon¬ 
ductor wafer under the protection of 
an insulating layer. Photolitho¬ 
graphic and masking techniques are 
used to provide for diffusion of both 
base and emitter impurities in selec¬ 
tive areas of the semiconductor 
wafer. 

In triple-diffused transistors, a 
heavily doped region diffused from 
the bottom of the semiconductor 
wafer effectively reduces the thick¬ 
ness of the lightly doped collector 
region to a value dictated only by 
electric-field considerations. Thus, the 
thickness of the lightly doped or 
high-resistivity portion of the col¬ 


lector is minimized to obtain a low 
collector resistance. A section of a 
tripl(‘-diffus(‘d planar structure is 
shown in hbg. 74(d). 

I']pilaxial tiansistors differ from 
diffused structures in th(‘ manner in 
which the various regions are fabri¬ 
cated. Epitaxial structures are grown 
on top of a semiconductor wafer in a 
high-temperature reaction chamber. 
The growth proceseds atom by atom, 
and is a perfect extension of the 
crystal lattice of the wafer on which 
it is grown. In the epitaxial-base 
transistor shown in Fig. 75(a) a 
lightly doped base region is de¬ 
posited by epitaxial techniques on a 
heavily doped collector wafer of 
opposite-type dopant. Photolitho¬ 
graphic and masking techniques and 
a single impurity diffusion are used 
to define the emitter region. This 
structure offers the advantages of 
low collector resistance and easy 
control of impurity spacings and 
emitter geometry. A variation of 
this structure uses two epitaxial 
layers. A thin lightly doped epi¬ 
taxial layer used for the collector 
is deposited over the original heavily 
doped semiconductor wafer prior to 
the epitaxial deposition of the base 
region. The collector epitaxial layer 
is of opposite-type dopant to the 
epitaxial base layer. This structure, 
shown in Fig. 75(b), has the added 
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advanta^ire of higher voltage ratings 
provided by the epitaxial collector 
layer. 

The overlay transistor is a double- 
diffused epitaxial device which em¬ 
ploys a unique emitter structure. A 
large number of separate emitters 
are tied together by diffused and 
metalized regions to increase the 
emitter edge-to-area ratio and reduce 
the charging-time constants of the 
transistor without compromise of 
current- and power-handling capa¬ 
bility. Fig. 75(c) shows a section 
through a typical overlay emitter 
region. 

After fabrication, individual tran¬ 
sistor chips are mechanically sepa¬ 
rated and mounted on individual 
headers. Connector wires are then 
bonded to the metalized regions, and 
each unit is encased in plastic or a 
hermetically sealed enclosure. In 
power transistors, the wafer is us- 
usally soldered or alloyed to a solid 
metal header to provide for high 
thermal conductivity and low-resis¬ 
tance collector contacts, and low- 
resistance contacts are soldered or 
metal-bonded from the emitter or 


base metalizing contacts to the ap¬ 
propriate package leads. This pack¬ 
aging concept results in a simple 
structure that can be readily attached 
to a variety of circuit heat sinks and 
can safely withstand power dissipa¬ 
tions of hundreds of watts and cur¬ 
rents of tens of amperes. 

BASIC CIRCUITS 

Bipolar transistors are ideal cur¬ 
rent amplifiers. When a small signal 
current is applied to the input termi¬ 
nals of a bipolar transistor, an am¬ 
plified reproduction of this signal 
appears at the output terminals. 
Although there are six possible ways 
of connecting the input signal, only 
three useful circuit configurations 
exist for current or power amplifi¬ 
cation: common-base, common-emit¬ 
ter, and common-collector. In the 
common-base (or grounded-base) con¬ 
nection shown in Fig. 70, the signal 
is introduced into the emitter-base 
circuit and extracted from the collec¬ 
tor-base circuit. (Thus the base 
element of the transistor is common 
to both the input and output cir¬ 
cuits). Because the input or emitter- 
base circuit has a low impedance 
(resistance plus reactance) in the 
order of 0.5 to 50 ohms, and the 
output or collector-base circuit has 
a high impedance in the order of 
1000 ohms to one megohm, the 
voltage or power gain in this type 
of configuration may be in the order 
of 1500. 

The direction of the arrows in Fig. 
21 indicates electron current flow. 
As stated previously, most of the cur- 



Fig. 76 — Common-base circuit configura¬ 
tion. 
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rent from the emitter flows to the col¬ 
lector; the remainder flows through 
the base. In practical transistors, 
from 95 to 99.5 per cent of the emit¬ 
ter current reaches the collector. The 
current gain of this configuration, 
therefore, is always less than unity, 
usually in the order of 0.95 to 0.995. 

The waveforms in Fig. 76 repre¬ 
sent the input voltage produced by 
the signal generator es and the out¬ 
put voltage developed across the 
load resistor Rl. When the input 
voltage is positive, as shown at AB, 
it opposes the forward bias produced 
by the base-emitter battery, and thus 
reduces current flow through the 
n-p-n transistor. The reduced elec¬ 
tron current flow through Rl then 
causes the top point of the resistor 
to become less negative (or more 
positive) with respect to the lower 
point, as shown at A'B' ont the out¬ 
put waveform. Conversely, when the 
input signal is negative, as at CD, 
the output signal is also negative, 
as at C'D'. Thus, the phase of the 
signal remains unchanged in this 
circuit, i.e., there is no voltage phase 
reversal between the input and the 
output of a common-base amplifier. 

In the common-emitter (or 
grounded-emitter) connection shown 
in Fig. 77, the signal is introduced 
into the base-emitter circuit and ex¬ 
tracted from the collector-emitter 
circuit. This configuration has more 
moderate input and output imped¬ 
ances than the common-base circuit. 
The input (base-emitter) impedance 
is in the range of 20 to 5000 ohms, 
and the output (collector-emitter) 
impedance is about 50 to 50,000 
ohms. Power gains in the order of 
10,000 (or approximately 40 dB) can 
be realized with this circuit because 
it provides both current gain and 
voltage gain. 

Current gain in the common- 
emitter configuration is measured be¬ 
tween the base and the collector, 
rather than between the emitter and 
the collector as in the common-base 
circuit. Because a very small change 
in base current produces a relatively 
large change in collector current, the 
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Fig. 77 — Common-emitter circuit con¬ 
figuration. 


current gain is always greater than 
unity in a common-emitter circuit; 
a typical value is about 50. 

The input signal voltage under¬ 
goes a phase reversal of 180 degrees 
in a common-emitter amplifier, as 
shown by the waveforms in Fig. 77. 
When the input voltage is positive, 
as shown at AB, it increases the 
forward bias across the base-emitter 
junction, and thus increases the total 
current flow through the transistor. 
The increased electron flow through 
Rl then causes the output voltage 
to become negative, as shown at 
A'B'. During the second half-cycle 
of the waveform, the process is re¬ 
versed, i.e., when the input signal is 
negative, the output signal is posi¬ 
tive (as shown at CD and C'D'.) 

The third type of connection, shown 
in Fig. 78, is the common-collector 
(or grounded-collector) circuit. In 
this configuration, the signal is intro¬ 
duced into the base-collector circuit 
and extracted from the emitter- 
collector circuit. Because the input 
impedance of the transistor is high 
and the output impedance low in 
this connection, the voltage gain is 
less than unity and the power gain 


0.981-^ 



Fig. 78 — Common-collector circuit con¬ 
figuration. 
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is usually lower than that obtained 
in either a common-base or a com¬ 
mon-emitter circuit. The common- 
collector circuit is used primarily as 
an impedance-matching device. As in 
the case of the common-base circuit, 
there is no phase reversal of the sig¬ 
nal between the input and the output. 

The circuits shown in Figs. 76 
through 78 are biased for n-p-n tran¬ 
sistors. When p-n-p transistors are 
used, the polarities of the batteries 
must be reversed. The voltage phase 
relationships, however, remain the 
same. 

BASIC TRANSISTOR 
CHARACTERISTICS 

T he term “characteristic’’ is used 
to identify the distinguishing elec¬ 
trical features and values of a tran¬ 
sistor. These values may be shown 
in curve form or they may be tabu¬ 
lated. When the characteristics values 
are given in curve form, the curves 
may be used for the determination 
of transistor performance and the 
calculation of additional transistor 
parameters. 

Characteristics values are obtained 
from electrical measurements of tran¬ 
sistors in various circuits under cer¬ 
tain definite conditions of current and 
voltage. Static characteristics are ob¬ 
tained with dc potentials applied to 
the transistor electrodes. Dynamic 
characteristics are obtained with an 
ac voltage on one electrode under 
various conditions of dc potentials 
on all the electrodes. The dynamic 
characteristics, therefore, are indica¬ 
tive of the performance capabilities 
of thetransistor under actual work¬ 
ing conditions. 

Current-Voltage Relationships 

The currents in a transistor are 
directly related to the movement of 
minority carriers in the base region 
that results from the application of 
voltages of the proper polarities to 
the emitter-base and collector-base 
junctions. A definite mutual relation¬ 


ship exists between the transistor 
currents and the voltages applied to 
the transistor terminals. Graphical 
representations of the variations in 
transistor currents with the ap¬ 
plied voltages provide an excellent 
indication of the operation of a tran¬ 
sistor under different biasing condi¬ 
tions. Transistor manufacturers 
usually provide curves of current- 
voltage characteristics to define the 
operating characteristics of their de¬ 
vices. Such curves are provided for 
either common-emitter or common- 
base transistor connections. Fig. 79 
shows the bias-voltage polarities 
and the current components for both 
common-emitter and common-base 
connections of a p-n-p transistor. 
For an n-p-n transistor, the polari¬ 
ties of the voltages and the directions 
of the currents are reversed. 


ic 




Fig. 79—Transistor bias--voltage polarities 
and current components for (a) the com¬ 
mon-emitter connection and (b) the com¬ 
mon-base connection. 

The common-emitter connection, 
shown in Fig. 79(a), is the more 
widely used in practical applications. 
In this connection, the emitter is 
the common point between the input 
(base) and output (collector) cir¬ 
cuits, and large current gains are 
realized by use of a small base cur¬ 
rent to control a much larger emit- 



Low- and Medium-Frequency Power Transistors 


69 


ter-to-collector current. The com¬ 
mon-base connection, shown in Fig. 
79(b), differs from the common- 
emitter connection in that the volt¬ 
ages applied to the transistor are 
referred to the base rather than to 
the emitter. 

Published data for transistors in¬ 
clude both electrode characteristic 
curves and transfer characteristic 
curves. These curves present the 
same information, but in two differ¬ 
ent forms to provide more useful 
data. Because transistors are used 
most often in the common-emitter 
configuration, characteristic curves 
are usually shown for the collector 
or output electrode. The collector- 
characteristic curve is obtained by 
varying collector-to-emitter voltage 
and measuring collector current for 
different values of base current. The 
transfer-characteristic curve is ob¬ 
tained by varying the base-to-emitter 
(bias) voltage or current at a speci¬ 
fied or constant collector voltage, 
and measuring collector current. 

Fig. 80 shows the input (transfer) 
and output (collector) current-volt¬ 
age characteristics of a typical 
p-n-p transistor in a common-base 
connection. The input characteristic 
curves, in Fig. 80(a), show the 
base current as a function of the 
emitter-to-base voltage for different 
values of collector-to-base voltage. 
For any given value of collector 
voltage, the base current varies with 
the emitter-to-base voltage in a man¬ 
ner similar to that of any forward- 
biased narrow p-n junction. After 
the initial interval required for the 
forward-bias voltage to overcome 
the energy barrier at the junction, 
the current-voltage relationship is 
almost linear. The slight effect that 
the collector voltage has on the base 
current results because variations 
in the collector voltage change the 
effective width of the base. 

The effective base width is the 
distance between the edges of the 
opposing (collector and emitter) 
depletion layers. This distance is 
significantly less than the actual 
thickness of the n-type base material 
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Fig. 80 — Common-base characteristics of 
a typical p-n-p transistor. 

because both depletion layers pene¬ 
trate into the base region. Because 
of the small forward bias applied to 
the emitter-base junction, the emit¬ 
ter depletion layer is much narrower 
than that of the collector-base junc¬ 
tion, and it does not change appreci¬ 
ably with the small range of varia¬ 
tion allowed in the emitter-to-base 
voltage. The collector-junction de¬ 
pletion layer, however, varies mark¬ 
edly with the much larger changes 
in collector voltage and causes an 
attendant change in the effective 
base width. An increase in collector 
voltage causes a slight increase in 
base current (for a constant emit¬ 
ter-to-base voltage) because the hole 
gradient in the p-n-p transistor in¬ 
creases as the effective base width 
decreases. Many other transistor 
characteristics are also affected by 
changes in collector voltage because 
of the dependence of the effective 
base width on the collector deple¬ 
tion layer. 

The common-base output charac¬ 
teristics, shown in Fig. 80(b), reveal 
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that the collector current is very 
nearly equal to the emitter current 
and is largely independent of col¬ 
lector voltage. This current is made 
up of the small reverse current Icbo, 
which results from the extraction of 
thermally generated holes from the 
base region, and the forward current 
produced by the diffusion of holes 
from the emitter. The diffusion cur¬ 
rent is almost independent of voltage 
because all the holes that reach the 
edge of the collector depletion layer 
are extracted by the reverse-biased 
junction. The collector current re¬ 
mains essentially constant, even 
down to zero voltage, at which point 
the excess holes are still extracted 
by the collector. A small forward 
voltage (less than 1 volt) must be 
applied to the collector to increase 
the hole density just outside the junc¬ 
tion and oppose the diffusion from 
the emitter in order to reduce the 
collector current to zero. The char¬ 
acteristic curves show that the col¬ 
lector current varies extremely 
rapidly with voltage in this region. 

The common-emitter characteris¬ 
tics of a p-n-p transistor, shown in 
Fig. 81, are similar to those of the 
common-base connection. There are, 
however, several important differ¬ 
ences, the most marked being the 
small magnitude of the base current 
which replaces the emitter current 
in both sets of curves. The base cur¬ 
rent consists of two components, 
each of which is in the order of 
microamperes. These components in¬ 
clude the current produced by an 
inward flow of electrons to replace 
those lost in the hole injection and 
diffusion mechanisms, and a current 
that is largely the result of the ex¬ 
traction of thermally generated 
holes making up the leakage cur¬ 
rent of the collector. The total base 
current, therefore, is just sufficient 
to make up the losses in the current 
transfer from emitter to collector. 
If the base current is increased (by 
means of the external circuit), more 
holes can diffuse from emitter to 
collector, and a considerable increase 
in the collector current occurs. 
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Fig. 81 — Common-emitter characteristics 
of a typical p-n-p transistor. 

Physically, this condition is pro¬ 
duced by increased hole injection 
and, therefore, by an increase in the 
emitter-to-base voltage required to 
produce an increase in base current. 
Although changes in base current 
and voltage must occur together, it 
is preferable to think of the tran¬ 
sistor as a current-controlled de¬ 
vice; for this reason, the common- 
emitter characteristics are usually 
shown for constant base currents, 
as indicated in Fig. 81. The curves 
in this figure confirm that small 
changes in base current produce 
much larger changes in collector 
current. 

A final point to note about the 
common-emitter characteristics is 
that the current falls rapidly to 
zero for small collector-to-emitter 
voltages. The collector-to-emitter 
voltage is normally divided between 
the two junctions to provide a small 
forward bias for the emitter-base 
junction and a much larger reverse 
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bias for the collector-base junction. 
If the emitter-to-collector voltage 
is reduced to the “saturation” value, 
which is a fraction of a volt, the 
collector reaches zero bias; below 
this value, it becomes slightly for¬ 
ward-biased. This condition occurs 
near the knee of the characteristics. 
Slightly below the saturated con¬ 
dition, holes continue to flow into 
the collector, in spite of its forward 
bias. If the emitter-to-collector volt- 
is reduced further, the collector cur¬ 
rent falls rapidly to zero. 

The input characteristics for the 
common-emitter connection are simi¬ 
lar to those for the common-base 
connection, except for the greatly 
reduced magnitude of the base cur¬ 
rent compared with the emitter cur¬ 
rent. For the base current to be 
zero, the emitter junction must have 
a small forward bias; as a result, 
all the input characteristics cross 
the current axis. The collector volt¬ 
age again affects the characteris¬ 
tics by varying the effective base 
width, and thus the current gain. 
With a constant emitter hole density 
(Vbe constant), the base current 
falls as the collector voltage is 
raised, and the base transport be¬ 
comes more efficient. 

Current-Gain Parameters 

Power gain in transistor circuits 
is usually obtained by use of a small 
control signal to produce larger sig¬ 
nal variations in the output current. 
The gain parameter most often spe¬ 
cified is the current gain (/?) from 
the base to the collector. The power 
gain of a transistor operated in a 
common-emitter configuration is 
equal to the square of the current 
gain p times the ratio of the load 
resistance rL to the input resistance 
rin, as indicated in Fig. 82. 

Although the input resistance ri„ 
affects the power gain, as shown by 
the equations given in Fig. 82, this 
parameter is not usually specified 
directly in the published data on 
transistors because of the large 
number of components of which it is 



INPUT CURRENT = ib 
INPUT VOLTAGE = ib rin 
OUTPUT CURRENT = ic =: ib/? 

OUTPUT VOLTAGE = icrL = ib^rL 
INPUT POWER = ib2 rin 
OUTPUT POWER = ic2 rL = ib^ ^2 tl 
POWER GAIN =: power output/power input 
= ib2/32rL/ib2rin 
= /3Wrin 92CS-25700 

Fig. 82—Test circuit and simplified 
power-gain calculation for a transistor op¬ 
erated in a common-emitter configuration. 

comprised. In general, the input im¬ 
pedance is expressed as a maximum 
base-to-emitter voltage Vbe under 
specified input-current conditions. 

A measure of the current gain 
of a transistor is its forward current- 
transfer ratio, i.e., the ratio of the 
current in the output electrode to 
the current in the input electrode. 
Because of the different ways in 
which transistors may be connected 
in circuits, the forward current- 
transfer ratio is specified for a 
particular circuit configuration. 

The current gain (or current 
transfer ratio) of a transistor is 
expressed by many symbols; the fol¬ 
lowing are some of the most com¬ 
mon, together with their particular 
shades of meaning: 

1. beta ip )—general term for 
current gain from base to collector 
(i.e., common-emitter current gain) 

2. alpha (a)—general term for 
current gain from emitter to collec¬ 
tor (i.e., common-base current gain) 

3. hfe—ac gain from base to col¬ 
lector (i.e., ac beta) 
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4. hFE—dc gain from base to col¬ 
lector. (i.e., dc beta) 

Common-base current gain, a, is 
the ratio of collector current to 
emitter current (i.e., a z=: Ic/Ib). 
Although a is slightly less than unity, 
circuit gain is realized as a result 
of the large differences of input 
(emitter-base) and output (collec¬ 
tor-base) impedances. The input 
impedance is small because the 
emitter-base junction is forward- 
biased, and the output impedance is 
large because the collector-base junc¬ 
tion is reverse-biased. 

Common-emitter current gain, /?, 
is the ratio of collector current to 
base current (i.e., p — Ic/Ib). Use¬ 
ful values of p are normally greater 
than ten. 

In the common-base circuit shown 
in Fig. 76 the emitter is the input 
electrode and the collector is the 
output electrode. The dc alpha, there¬ 
fore, is the ratio of the steady-state 
collector current Ic to the steady- 
sate emitter current Ie: 


a 


h. 

Ie 


0.98 I 

i 


= 0.98 


In the common-emitter circuit 
shown in Fig. 77, the base is the 
input electrode and the collector is 
the output electrode. The dc beta, 
therefore, is the ratio of the steady- 
state collector current Ic to the 
steady-state base current Ib: 


p = 


h. 

Ib 


0.98 I 
0.02 I 


49 


Because the ratios given above are 
based on steady-state currents, they 
are properly called dc alpha and 
dc beta. It is more common, how¬ 
ever, for the current-transfer ratio 
to be given in terms of the ratio 
of signal currents in the input and 
output electrodes, or the ratio of 
a, change in the output current to 
the input signal current which 
causes the change. Fig. 83 shows 
typical electrode currents in a 
common-emitter circuit (a) under no¬ 


signal conditions and (b) with a 
one-microampere signal applied to 
the base. The signal current of one 
microampere in the base causes a 
change of 49 microamperes (147-98) 
in the collector current. Thus the ac 
beta for the transistor is 49. 



Fig. 83—Electrode currents under (a) no¬ 
signal and (b) signal conditions. 


The current-gain parameters a 
and p are determined by three basic 
transistor parameters (emitter ef¬ 
ficiency y, collector efficiency a*, and 
base transport factor Po) that are 
directly dependent upon the physi¬ 
cal properties of the device. The 
following equations express the de¬ 
pendence of the current-gain para¬ 
meters a and p on the three physical 
parameters: 


a = yPoa^' 


p = 


yPoa^ 

1 — (yPoa*) 


The collector efficiency a* is gener¬ 
ally very near unity and this value 
is usually assumed for this para¬ 
meter in the calculations for a and 
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Emitter Efficiency—In a forward- 
biased n-p-n transistor, electrons 
from the emitter diffuse into the 
base, and holes from the base diffuse 
into the emitter. The total emitter 
current Ib is the sum of the hole- 
current component Ip and the elec¬ 
tron-current component In and, 
therefore, may be expressed as fol¬ 
lows : 

Ie — Ip -)- In 

The potential collector current, Ic, 
is the difference between the drift 
currents and is given by 

Ic — In — Ip 

The holes that diffuse from the 
base into the emitter originate in 
the base dc supply and add to the 
total base current. This hole cur¬ 
rent Ip, however, does not contribute 
to the collector current and, in ef¬ 
fect, represents a loss in current 
gain that is directly attributable to 
poor emitter injection efficiency. The 
loss in current gain can be held to 
a minimum if the resistivity of the 
base is made much greater than that 
of the emitter so that the number 
of free holes in the base available 
to diffuse into the emitter is sub¬ 
stantially smaller than the number 
of free electrons in the emitter 
available to diffuse into the base. 

Base Transport Factor—If high 
emitter efficiency is assumed, the 
electrons injected from the emitter 
into the base diffuse to the collec¬ 
tor junction. Some of these elec¬ 
trons, however, recombine with free 
holes in the base and, in effect, are 
annihilated. Base current must flow 
to replenish the free elections used 
in the recombination process so that 
the emitter-to-base forward bias is 
maintained. In other words, charge 
neutrality must prevail. 

The base transport factor fio is 
an indication of the extent of re¬ 
combination that takes place in the 
base region of a transistor. For a 
high value of the base transport 


factor fiof the lifetime of holes in 
the base (a function of the property 
of the material) must be long, or 
the time necessary for the electrons 
to reach the collector must be short. 
Any reduction in the time required 
for the electrons to reach the col¬ 
lector requires a decrease in base 
width or an increase in the acceler¬ 
ating field used to speed the holes 
through. 

The value of the base transport 
factor should be in the order of 
0.98 for the transistor to provide 
useful gain. 

Transconductance 

Extrinsic transconductance may 
be defined as the quotient of a small 
change in collector current divided 
by the small change in emitter-to- 
base voltage producing it, under the 
condition that other voltages remain 
unchanged. Thus, if an emitter-to- 
base voltage change of 0.1 volt causes 
a collector-current change of 3 milli- 
amperes ,0.003 ampere) with other 
voltages constant, the transconduct¬ 
ance is 0.003 divided by 0.1, or 0.03 
mho. (A “mho’^ is the uint of con¬ 
ductance, and was named by spelling 
^^ohm’^ backward.) For convenience, 
a millionth of a mho, or a micro¬ 
mho (/imho), is used to express trans¬ 
conductance. Thus, in the example, 
0.03 mho is 30,000 micromhos. 

Cutoff Frequencies 

For all transistors, there is a fre¬ 
quency f at which the output signal 
cannot properly follow the input 
signal because of time delays in the 
transport of the charge carriers. 
The three principal cut-off frequen¬ 
cies, shown in Fig. 84, may be de¬ 
fined as follows; 

1. The base cut-off frequency f^b 
is that frequency at which alpha (a) 
is down 3 dB from the low-frequency 
value. 

2. The emitter cut-off frequency f 
is that frequency at which beta (/?) 
is down 3 dB from the low-frequency 
value. 
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GROUNDED-EMITTER GAIN 



3. The frequency fT is that fre¬ 
quency at which beta theoretically 
decreases to unity (i.e., 0-dB gain) 
with a theoretical 6-dB-per-octave 
fall off. This term, which is a useful 
figure of merit for transistors, is 
referred to as the gain-bandwidth 
product. 

The frequency fT is related to the 
time delays in a transistor by the 
following expression: 


2r S td 

where 2td is the sum of the emitter- 
delay time constant te, the base 
transit time U, the collector deple¬ 
tion-layer transit time txm, and the 
collector-delay time constant tc. 

The gain-bandwidth product fT is 
the term that is generally used to 
indicate the high-frequency capa¬ 
bility of a transistor. Other pa¬ 
rameters that critically affect high- 
frequency performance are the 
capacitance or resistance which 
shunts the load and the input im¬ 
pedance, the effect of which is 
shown by the equations given in 
Fig. 82. 

The base and emitter cut-off fre¬ 
quencies and the gain-bandwidth 
product of a transistor provide an 
approximate indication of the useful 
frequency range of the device, and 
help to determine the most suitable 
circuit configuration for a particular 
application. 

The specification of all the charac¬ 
teristics which affect high-frequency 


performance is so complex that often 
a manufacturer does not specify all 
the parameters, but instead speci¬ 
fies transistor performance in an 
rf-amplifier circuit. This information 
is very useful when the transistor 
is operated under conditions very 
similar to those of the test circuit, 
but is difficult to apply when the 
transistor is used in a widely differ¬ 
ent application. Some manufacturers 
also specify transistor performance 
characteristics as a function of fre¬ 
quency, which alleviates these prob¬ 
lems. (High-frequency power tran¬ 
sistors are discussed in more detail 
in a later section of this Manual.) 

Cutoff Currents 

Cutoff currents are small steady- 
state reverse currents which flow 
when a transistor is biased into 
non-conduction. They consist of 
leakage currents, which are related 
to the surface characteristics of the 
semiconductor material, and satura¬ 
tion currents, which are related to 
the impurity concentration in the 
material and which increase with in¬ 
creasing temperatures. Collector- 
cutoff current is the steady-state 
current which flows in the reverse- 
biased collector-to-base circuit when 
the emitter-to-base circuit is open. 
Emitter-cutoff current is the cur¬ 
rent which flows in the reverse- 
biased emitter-to-base circuit when 
the collector-to-base circuit is open. 

In the common-base configuration, 
the collector reverse (leakage) cur- 
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rent, Icbo, is measured with the 
emitter circuit open. The presence 
of the second junction, however, still 
affects the level of the current be¬ 
cause the emitter acquires a small 
negative bias when it is open- 
circuited. This bias reduces the hole 
gradient at the collector and causes 
the reverse current to decrease. This 
current, therefore, is much smaller 
with the emitter open than it is 
when the emitter-base junction is 
short-circuited. In the characteris¬ 
tic curves shown in Fig. 80(b), the 
magnitude of the current Icbo is 
considerably exaggerated. This cur¬ 
rent is normally in the order of 
microamperes or less, although it is 
often increased by excess surface 
currents in the same way as the re¬ 
verse current of any p-n junction. 

The reverse current increases with 
collector voltage, and may lead to 
avalanche breakdown at high volt¬ 
ages, as described for the silicon 
rectifier. 

The common-emitter reverse col¬ 
lector current Iceo, measured with 
zero input current (Ib = O in this 
case), is very much larger than the 
reverse collector current Icbo in the 
common-base connection. When the 
base current is zero, the emitter 
current adjusts itself so that the 
losses in the hole-injection and dif¬ 
fusion mechanisms are exactly bal¬ 
anced by the supply of excess 
electrons left in the vicinity of the 
collector by hole extraction. For this 
condition, the collector current is 
equal to the emitter current. 

The common-emitter reverse col¬ 
lector current Iceo increases with 
collector voltage, unlike the com¬ 
mon-base reverse collector current 
Icbo. This behavior is another con¬ 
sequence of the variation in the ef¬ 
fective base width with collector 
voltage. The narrower the effective 
base region, the more efficient is the 
transfer of current from emitter to 
collector. The more efficient base 
transport with the higher collector 
voltage permits a higher emitter cur¬ 
rent to flow before the losses are 
again balanced by the supply of elec¬ 


trons from the vicinity of the col¬ 
lector. 

Breakdown Voltages 

Transistor breakdown voltages de¬ 
fine the voltage values between two 
specified electrodes at which the crys¬ 
tal structure changes and current 
begins to rise rapidly. The voltage 
then remains relatively constant over 
a wide range of electrode currents. 
Breakdown voltages may be meas¬ 
ured with the third electrode open, 
shorted, or biased in either the for¬ 
ward or the reverse direction. For 
example. Fig. 85 shows a series of 
collector-characteristic curves for 
different base-bias conditions. It can 



COLLECTOR-TO-EMITTER VOLTAGE 
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Fig. 85—Typical collector-characteristic 
curves showing locations of various break¬ 
down voltages. 

be seen that the collector-to-emitter 
breakdown voltage increases as the 
base-to-emitter bias decreases from 
the normal forward values through 
zero to reverse values. The symbols 
shown on the abscissa are sometimes 
used to designate collector-to-emitter 
breakdown voltages with the base 
open V(BR)CEo, with external base-to- 
emitter resistance V(br)cer, with the 
base shorted to the emitter V(br)ces, 
and with a reverse base-to-emitter 
voltage V(br)cev. 
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As the resistance in the base-to- 
emitter circuit decreases, the col¬ 
lector characteristic develops two 
breakdown points, as shown in Fig. 
85. After the initial breakdown, the 
collector-to-emitter voltage decreases 
with increasing collector current 
until another breakdown occurs at a 
lower voltage. This minimum collec- 
tor-to-emitter breakdown voltage is 
called the sustaining voltage. 

Punch-Through Voltage 

Punch-through (or reach-through) 
voltage defines the voltage value at 
which the depletion region in the 
collector region passes completely 
through the base region and makes 
contact at some point with the emit¬ 
ter region. This “reach-through” 
phenomenon results in a relatively 
low-resistance path between the 
emitter and the collector, and causes 
a sharp increase in current. Punch- 
through voltage does not result in 
permanent damage to a transistor, 
provided there is sufficient impedance 
in the power-supply source to limit 
transistor dissipation to safe values. 

Saturation Voltage 

The curves at the left of Fig. 85 
show typical collector characteristics 
under normal forward-bias condi¬ 
tions. For a given base input current, 
the collector-to-emitter saturation 
voltage is the minimum voltage re¬ 
quired to maintain the transistor in 
full conduction (i.e., in the satura¬ 
tion region). Under saturation con¬ 
ditions, a further increase in forward 
bias produces no corresponding in¬ 
crease in collector current. Saturation 
voltages are very important in switch¬ 
ing applications, and are usually 
specified for several conditions of 
electrode currents and ambient tem¬ 
peratures. 

Effect of Temperature on 
Transistor Characteristics 

The characteristics of transistors 
vary with changes in temperature. 


In view of the fact that most circuits 
operate over a wide range of en¬ 
vironments, a good circuit design 
should compensate for such changes 
so that operation is not adversely 
affected by the temperature depend¬ 
ence of the transistors. 

Current Gain—The effect of tem¬ 
perature on the gain of a silicon 
transistor is dependent upon the 
level of the collector current, as 
shown in Fig. 86. At the lower cur¬ 
rent levels, the current-gain parame¬ 
ter hFB increases with temperature. 
At higher currents, however, hpE 
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Fig. 86—Current gain as a function of 
collector current at different temperatures. 

may increase or decrease with a 
rise in temperature because it is 
a complex function of many compo¬ 
nents. 

Base-to-Emitter Voltage—Fig. 87 
shows the effect of changes in tem¬ 
perature on the base-to-emitter volt¬ 
age (Vbe) of silicon transistors. Two 


o 
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Fig. 87—Collector current as a function 
of base-to-emitter voltage at different tem¬ 
peratures. 
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factors, the base resistance (rbb') 
and the height of the potential bar¬ 
rier at the base-emitter junction 
(VbbO> influence the behavior of the 
base-to-emitter voltage. As the tem¬ 
perature rises, material resistivity 
increases; as a result, the value of 
the base resistance rbb' becomes 
greater. The barrier potential Vbe' 
of the base-emitter junction, how¬ 
ever, decreases with temperature. 
The following equation shows the re¬ 
lationship between the base-to- 
emitter voltage and the two tempera¬ 
ture-dependent factors: 

Vbb — Ib rbb' -|- Vbe' 

_ Ic f I -TT f 

— —- rbb -f- Vbb 

hpE 

As indicated by this equation, the 
base-to-emitter voltage diminishes 
with a rise in temperature for low 
values of collector current, but tends 
to increase with a rise in tempera¬ 
ture for higher values of collector 
current. 

Collector-to-Emitter Saturation 
Voltage—The collector-to-emitter 
saturation voltage VcB(sat) is af¬ 
fected primarily by collector resis¬ 
tivity (pc) and the amount by which 
the natural gain of the device (hpE) 
exceeds the gain with which the cir¬ 
cuit drives the device into satura¬ 
tion. This latter gain is known as 
the forced gain (hpEf). 

At lower collector currents, the 
natural hpE of a transistor increases 
with temperature, and the IR drop 
in the transistor is small. The collec- 
tor-to-emitter saturation voltage, 
therefore, diminishes with increasing 
temperature if the circuit continues 
to maintain the same forced gain. 
At higher collector currents, how¬ 
ever, the IR drop increases, and 
gain may decrease. This decrease in 
gain causes the collector-to-emitter 
saturation voltage to increase and 
possibly to exceed the room-tempera¬ 
ture (25°C) value. Fig. 88 shows 
the effect of temperature on the col- 
lector-to-emitter saturation voltage. 
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Fig. 88—Collector current as a function 
of collector-to-emitter saturation voltage at 
different temperatures. 

Collector Leakage Currents—Re¬ 
verse collector current Ir is a re¬ 
sultant of three components, as 
shown by the following equation: 

Ir = Id + Ig -|- Is 


Fig. 89 shows the variations of 
these components with temperature. 



Fig. 89—Reverse collector current as a 
function of temperature. 

The diffusion or saturation current 
Id is a result of carriers that dif¬ 
fuse to the collector-base junction 
and are accelerated across the de¬ 
pletion region. This component is 
small until temperatures near 
175°C are reached. The component 
Ig results from charge-generated 
carriers that are created by the flow 
of diffusion carriers across the de¬ 
pletion region. This component in¬ 
creases rapidly with temperature. 
Id and Ig are referred to as bulk 
leakages. The term Is represents 
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surface leakage which is caused by 
local inversion, channeling, ions, and 
moisture. This leakage component is 
dependent on many factors, and its 
variations with changes in tempera¬ 
ture are difficult to predict. 

At low temperatures, either sur¬ 
face or bulk leakage can be the domi¬ 
nant leakage factor, particularly in 
transistors that employ a mesa 
structure. At high temperatures, 
charge-generated carriers and dif¬ 
fusion current are the major causes 
of leakage in both mesa and planar 
transistor structures; the current 
Ig, therefore, is the dominant leak¬ 
age component. Because of the domi¬ 
nance of surface leakage Is at low 
temperatures and the fact that this 
leakage may vary either directly or 
inversely with temperature, it is not 
possible to define a constant ratio 
of the leakage current at low tem¬ 
peratures to that at high tempera¬ 
tures. In view of the fact that power 
transistors are normally operated at 
high junction temperatures, it is 
more meaningful to compare the 
leakage characteristics of both mesa 
and planar transistors at high tem¬ 
peratures. The relative reliability of 
different types of power transistors, 
which is in no way related to the 
magnitude of low-temperature leak¬ 
age current, is also best compared 
at high temperatures. 

Leakage currents are important 
because they affect biasing in am¬ 
plifier applications and represent the 
off condition for transistors used 
in switching applications. The sym¬ 
bol Ir used in the preceding dis¬ 
cussion represents any of several 
different leakage currents commonly 
specified by transistor manufactur¬ 
ers. The most basic specification is 
IcBo, which indicates the leakage 
from collector to base with the 
emitter open. This leakage is simply 
the reverse current of the collector- 
to-base diode. 

In addition to the Icbo value, Icev, 
IcEo, and IcER specifications are often 
given for transistors. Icev is the 
leakage from the collector to emitter 
with the base-emitter junction re¬ 


verse-biased. IcER is the leakage cur¬ 
rent from the collector to the emitter 
with the base and emitter connected 
by a specified resistance. Iceo is the 
leakage current from collector to 
emitter with the base open. Icev dif¬ 
fers from Icbo only very slightly and 
in most transistors the two parame¬ 
ters can be considered equal. (This 
equality is not maintained in sym¬ 
metrical transistors.) Iceo is simply 
the product of Icbo at the voltage 
specified and the hpE of the transis¬ 
tor at a base current equal to Icbo. 
Iceo is of course the largest leakage 
current normally specified. Icer is 
intermediate in value between Icev 
and Icbo. 

MAXIMUM RATINGS 

All solid-state devices undergo ir¬ 
reversible changes if their tempera¬ 
ture is increased beyond some critical 
limit. A number of ratings are given 
for power transistors, therefore, to 
assure that this critical temperature 
limit will not be exceeded on even a 
very small part of the silicon chip. 
The ratings for power transistors 
normally specify the maximum volt¬ 
ages, maximum current, maximum 
and minimum operating and storage 
temperatures, and maximum power 
dissipation that the transistor can 
safely withstand. 

Voltage Ratings 

Maximum voltage ratings are 
normally given for both the collec¬ 
tor and the emitter junctions of a 
transistor. A Vbeo rating, which in¬ 
dicates the maximum base-to-emitter 
voltage with the collector open, is 
usually specified. The collector-junc¬ 
tion voltage capability is usually 
given with respect to the emitter, 
which is used as the common termi¬ 
nal in most transistor circuits. This 
capability may be expressed in sev¬ 
eral ways. A Vceo rating specifies the 
maximum collector-to-emitter volt¬ 
age with the base open; a Vcer rat¬ 
ing for this voltage implies that the 
base is returned to the emitter 
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through a specified resistor; a Vces 
rating gives the maximum voltage 
when the base is shorted to the emit¬ 
ter; and a Vcev rating indicates the 
maximum voltage when the base is 
reverse-biased with respect to the 
emitter by a specified voltage. A 
VcEx rating may also be given to 
indicate the maximum collector-to- 
emitter voltage when a resistor and 
voltage are both connected between 
base and emitter. 

If a maximum voltage rating is 
exceeded, the transistor may “break 
down’^ and pass current in the re¬ 
verse direction. The breakdown 
across the junction is usually not 
uniform, and the current may be 
localized in one or more small areas. 
The small area becomes overheated 
unless the current is limited to a 
low value, and the transistor may 
then be destroyed. 

The collector-to-base or emitter- 
to-base breakdown (avalanche) volt¬ 
age is a function of the resistivity 
or impurity doping concentration at 
the junction of the transistor and 
of the characteristics of the circuit 
in which the transistor is used. 
When there is a breakdown at the 
junction, a sudden rise in current 
(an “avalanche^’) occurs. In an 
abruptly changing junction, called a 
step junction, the avalanche voltage 
is inversely proportional to the im¬ 
purity concentration. In a slowly 
changing junction, called a graded 
junction, the avalanche voltage is 
dependent upon the rate of change 
of the impurity concentration (grade 
constant) at the physical junction. 
Fig. 90 shows the two types of junc¬ 
tion breakdowns. The basic transis¬ 
tor voltage-breakdown mechanisms 
and their relationship to external 
circuits are the basis for the vari¬ 
ous types of voltage ratings used by 
transistor manufacturers. 

The collector voltage can be 
limited below its avalanche break¬ 
down value if the depletion layer 
(space-charge region) associated 
with the applied collector voltage 
expands through the thin base width 
and contacts the emitter junction. 
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Fig, 


90 — Step-junction and graded-junc- 
tion breakdown. 


The doping in the base (under the 
emitter) and the base width in re¬ 
lation to the magnitude of applied 
voltage govern whether punch- 
through occurs before avalanche. 
Higher doping concentrations and 
wider bases increase punch-through 
voltage VpT in accordance with the 
following relationship: 


Vpt 


qNW ^ 

2kEo 


where q is the electronic charge, 
N is the doping-level concentration 
in the base, W is the base width, 
k is the dielectric constant, and Eo 
is the permittivity of free space 
(kEo is approximately 1 X 10“^^ 
farad per centimeter for silicon). 

Current and Temperature 
Ratings 

The physical mechanisms related 
to basic transistor action are tem¬ 
perature-sensitive. If the bias is not 
temperature-compensated, the tran¬ 
sistor may develop a regenerative 
condition, known as thermal run¬ 
away, in which the thermally 
generated carrier concentration ap¬ 
proaches the impurity carrier con¬ 
centration. [Experimental data for 
silicon show that, at temperatures 
up to 700 °K, the thermally generated 
carrier concentration ni is deter- 




80 


RCA Solid-State Devices Manual 


mined as follows: ni = 3.87 X 10“ 
X T X (3/2) exp (-1.21/2kT).] 
When this condition becomes ex> 
treme, transistor action ceases, the 
collector-to-emitter voltage Vcb col¬ 
lapses to a low value, and the cur¬ 
rent increases and is limited only 
by the external circuit. 

If there is no current limiting, 
the increased current can melt the 
silicon and produce a collector-to- 
emitter short. This condition can oc¬ 
cur as a result of a large-area av¬ 
erage temperature effect, or in a 
small area that produces hot spots 
or localized thermal runaway. In 
either case, if the intrinsic tempera¬ 
ture of a semiconductor is defined 
as the temperature at which the 
thermally generated carrier concen¬ 
tration is equal to the doped im¬ 
purity concentration, the absolute 
maximum temperature for transis¬ 
tor action can be established. 

The intrinsic temperature of a 
semiconductor is a function of the 
impurity concentration, and the 
limiting intrinsic temperature for a 
transistor is determined by the most 
lightly doped region. It must be em¬ 
phasized, however, that the intrin¬ 
sic temperature acts only as an up¬ 
per limit for transistor action. The 
maximum operating junction tem¬ 
perature and the maximum current 
rating are established by additional 
factors such as the efficiency of heat 
removal, the yield point and melt¬ 
ing point of the solder used in fab¬ 
rication, and the temperature at 
which permanent changes in the 
junction properties occur. 

The maximum current rating of 
a transistor indicates the highest 
current at which, in the manufac¬ 
turer's judgment, the device is use¬ 
ful. This current limit may be es¬ 
tablished by setting an arbitrary 
minimum current gain or may be 
determined by the fusing current 
of an internal connecting wire. A 
current that exceeds the rating, 
therefore, may result in a low cur¬ 
rent gain or in the destruction of 
the transistor. 

The basic materials in a silicon 


transistor allow transistor action at 
temperatures greater than 300°C. 
Practical transistors, however, are 
limited to lower temperatures by 
mounting systems and surface con¬ 
tamination. If the maximum rated 
storage or operating temperature is 
exceeded, irreversible changes in 
leakage current and in current-gain 
characteristics of the transistor re¬ 
sult. 

Power-Dissipation Ratings 

A transistor is heated by the elec¬ 
trical power dissipated in it. A 
maximum power rating is given, 
therefore, to assure that the tem¬ 
perature in all parts of a transistor 
is maintained below a value that 
will result in detrimental changes 
in the device. This rating may be 
given with respect to case tempera¬ 
ture (for transistors mounted on 
heat sinks) or with respect to ^Tree- 
air ambient’^ temperature. Case 
temperature is measured with a 
small thermocouple or other low- 
heat-conducting thermometer at¬ 
tached to the outside of the case or 
preferably inserted in a very small 
blind hole in the base so that the 
measurement is taken as close to 
the transistor chip as possible. Very 
short pulses of power do not heat 
the transistor to the temperature 
which it would attain if the power 
level was continued indefinitely. Rat¬ 
ings of maximum power consider 
this factor and allow higher power 
dissipation for very short pulses. 

The dissipation in a transistor is 
not uniformly distributed across the 
semiconductor wafer. At higher 
voltages, the current concentrations 
become more severe, and hot spots 
may be developed within the tran¬ 
sistor pellet. As a result, the power¬ 
handling capability of a transistor 
is reduced at high voltages. The 
power rating of a transistor may be 
presented most easily by a limiting 
curve that indicates a peak-power 
safe operating region. This curve 
shows power-handling capability as 
a function of voltage for various 
time durations. 
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BIASING 

For most non-switching applica¬ 
tions, the operationg point for a par¬ 
ticular transistor is established by 
the quiescent (dc, no-signal) values 
of collector voltage and emitter cur¬ 
rent. In general, a transistor may be 
considered as a current-operated de¬ 
vice, i.e., the current flowing in the 
emitter-base circuit controls the 
current flowing in the collector cir¬ 
cuit. The voltage and current values 
selected, as well as the particular 
biasing arrangement used, depend 
upon both the transistor character¬ 
istics and the speciflc requirements 
of the application. 

As mentioned previously, biasing 
of a transistor for most applications 
consists of forward bias across the 
emitter-base junction and reverse 
bias across the collector-base junc¬ 
tion. In Figs. 76, 77, and 78, two 
batteries were used to establish bias 
of the correct polarity for an n-p-n 
transistor in the common-base, com¬ 
mon-emitter, and common-collector 
circuits, respectively. Many varia¬ 
tions of these basic circuits can also 
be used. (In these simplifled dc cir¬ 
cuits, inductors and transformers 
are represented only by their series 
resistance.) 

Basic Methods 

A simplifled biasing arrangement 
for the common-base circuit is shown 
in Fig. 91. Bias for both the collector- 
base junction and the emitter-base 
junction is obtained from the single 
battery through the voltage-divider 
network consisting of resistors R 2 
and R 3 . (For the n-p-n transistor 
shown in Fig. 91(a) the emitter-base 
junction is forward-biased because 
the emitter is negative with respect 
to the base, and the collector-base 
junction is reverse-biased because 
the collector is positive with respect 
to the base, as shown. For the p-n-p 
transistor shown in Fig. 91(b), the 
polarity of the battery and of the 
electrolyte bypass capacitor Ci is 


reversed.) The electron current I 
from the battery and through the 
voltage divider causes a voltage drop 
across resistor R 2 which biases the 
base. The proper amount of current 
then flows through Ri so that the cor¬ 
rect emitter potential is established 
to provide forward bias relative to 
the base. This emitter current estab¬ 
lishes the amount of collector current 
which, in turn, causes a voltage drop 
across R 4 . Simply stated, the voltage 
divider consisting of R 2 and R 3 es¬ 
tablishes the base potential; the base 
potential essentially establishes the 
emitter potential; the emitter poten- 


n -p-n 



p-n-p 



Fig. 91—Biasing network for common-base 
circuit for (a) n-p-n and (b) p-n-p 
transistors. 

tial and resistor Ri establish the 
emitter current; the emitter current 
establishes the collector current; and 
the collector current and Ri establish 
the collector potential. R 2 is bypassed 
with capacitor Ci so that the base is 
effectively grounded for ac signals. 

A single battery can also be used 
to bias the common-emitter circuit. 
The simplifled arrangement shown 
in Fig. 92 is commonly called “fixed 
bias”. In this case, both the base and 
the colelctor are made positive with 
respect to the emitter by means of 
the battery. The base resistance Rb 
is then selected to provide the desired 
base current Ib for the transistor 
(which, in turn, establishes the de- 
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sired emitter current Ie), by means 
of the following expression: 

Vbb — Vbe 


where Vbb is the battery supply volt¬ 
age and Vbe is the base-to-emitter 
voltage of the transistor. 

In the circuit shown, for example, 
the battery voltage is six volts. The 



Fig. 92 — “Fixed-bias” arrangement for 
common-emitter circuit. 

value of Rb was selected to provide 
a base current of 27 microamperes, 
as follows: 

6 — 0.6 

Rb =- = 20,000 ohms 

27 X 10-« 


The fixed-bias arrangement shown 
in Fig. 92, however, is not a satis¬ 
factory method of biasing the base 
in a common-emitter circuit. The 
critical base current in this type of 
circuit is very difficult to maintain 
under fixed-bias conditions because 
of variations between transistors 
and the sensitivity of these devices 
to temperature changes. This prob¬ 
lem is partially overcome in the “self¬ 
bias” arrangement shown in Fig. 93. 
In this circuit, the base resistor is 
Rb 



Fig. 93 — “Self-bias” arrangement for com¬ 
mon-emitter circuit. 


tied directly to the collector. This 
connection helps to stabilize the oper¬ 
ating point because an increase or 
decrease in collector current pro¬ 
duces a corresponding decrease or 
increase in base bias. The value of 
Rb is then determined as described 
above, except that the collector volt¬ 
age VcE is used in place of the sup¬ 
ply voltage Vbb: 

VcE — Vbe 

Rb =--- 

Ib 

3 — 0.6 
~ 2 ~ 7.X 10-- 


The arrangement shown in Fig. 93 
overcomes many of the disadvan¬ 
tages of fixed bias, although it re¬ 
duces the effective gain of the circuit. 

In the bias method shown in Fig. 
94 the voltage-divider network com¬ 
posed of Ri and R 2 provides the 
R| 



Fig. 94—Bias network using voltage- 
divider arrangement for increased 
stability. 

required forward bias across the 
base-emitter junction. The value of 
the base bias voltage is determined 
by the current through the voltage 
divider. This type of circuit provides 
less gain than the circuit of Fig. 93, 
but is commonly used because of its 
inherent stability. 

The common-emitter circuits shown 
in Figs. 95 and 96 may be used to 
provide stability and yet minimize 
loss of gain. In Fig. 95, a resistor 
Re is added to the emitter circuit, 
and the base resistor R 2 is returned 
to the positive terminal of the bat¬ 
tery instead of to the collector. The 
emitter resistor Re provides addi¬ 
tional stability. It is bypassed with 
capacitor Ce. The value of Ce de¬ 
pends on he lowest frequency to be 
amplified. 
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Fig. 95—Bias network using emitter sta¬ 
bilizing resistor. 

In Fig. 96, the R 2 R 3 voltage-divider 
network is split, and all ac feedback 
currents through Ru are shunted to 
ground (bypassed) by capacitor Ci. 



Fig. 96—Bias network using split voltage- 
divider network. 

The value of R 3 is usually larger 
than the value of Rs. The total re¬ 
sistance of R 2 and R 3 should equal 
the resistance of Ri in Fig. 94. 

In practical circuit applications, 
any combination of the arrange¬ 
ments shown in Figs. 93, 94, 95, and 
96 may be used. However, the sta¬ 
bility of Figs. 93, 94, and 96 may be 
poor unless the voltage drop across 
the lad resistor Rl is at least one- 
third the value of the supply volt¬ 
age. The determining factors in the 
selection of the biasing circuit are 
usually gain and^ias stability (which 
is discussed later). 

In many cases, the bias network 
may include special elements to com¬ 
pensate for the effects of variations 
in ambient temperature or in sup¬ 
ply voltage. For example, the therm¬ 
istor (temperature-sensitive resis¬ 
tor) shown in Fig. 97(a) is used to 
compensate for the rapid increase 
of collector current with increasing 
temperature. Because the thermistor 
resistance decreases as the tempera¬ 
ture increases, the emitter-to-base 


bias voltage is reduced and the col¬ 
lector current tends to remain con¬ 
stant. The addition of the shunt and 
series resistances provides most ef¬ 
fective acompensation over a desired 
temperature range. 

The diode biasing network shown 
in Fig. 97 (b) stabilizes collector cur¬ 
rent for variations in both tempera¬ 
ture and supply voltage. The for- 
ward-biased diode current determines 
a bias voltage which establishes the 
transistor idling current (collector 
current under no-signal conditions). 
As the temperature increases, this 
bias voltage decreases. Because the 
transistor characteristic also shifts 
in the same direction and magnitude, 
however, the idling current remains 
essentially independent of tempera¬ 
ture. Temperature stabilization with 
a properly designed diode network is 
substantially better than that pro¬ 
vided by most thermistor bias net¬ 
works. Any temperature-stabilizing 
element should be thermally close to 
the transistor being stabilized. 

In addition, the diode bias current 
varies in direct proportion with 
changes in supply voltage. The re¬ 
sultant change in bias voltage is 
small, however, so that the idling 
current also changes in direct pro- 
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Fig. 97—Bias networks including (a) a 
thermistor and (b) a voltage-compensating 
diode. 
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portion to the supply voltage. Sup¬ 
ply-voltage stabilization with a diode 
biasing network reduces current 
variation to about one-fifth that ob¬ 
tained when resistor or thermistor 
bias is used for a germanium tran¬ 
sistor and one-fifteenth for a silicon 
transistor. 

The bias networks of Figs. 92 
through 96 are generally used in 
class A circuits. Class B circuits 
normally employ the bias networks 
shown in Fig. 97. The bias resistor 
values for class B circuits are gen¬ 
erally much lower than those for 
class A circuits. 

Bias Stability 

Because transistor currents tend 
to increase with temperature, it is 
necessary in the design of transistor 
circuits to include a ‘‘stability fac¬ 
tor” to keep the collector-current 
variation within tolerable values un¬ 
der the expected high-temperature 
operating conditions. The bias sta¬ 
bility factor SF is expressed as the 
ratio between a change in steady- 
state collector current and the cor¬ 
responding change in steady-state 
collector-cutoff current. 

For a given set of operating volt¬ 
ages, the stability factor can be cal¬ 
culated for a maximum permissible 


rise in steady-state collector current 
from the room-temperature value, 
as follows: 

Icmax - Ici 

SF =—-=- 

lCB02 ICBOl 

where Ici and Icboi are measured at 
25°C, IcB 02 is measred at the maxi¬ 
mum expected ambient (or junction) 
temperature, and Icmax is the maxi¬ 
mum permissible collector current 
for the specified collector-to-emitter 
voltage at the maximum expected 
ambient (or junction) temperature 
(to keep transistor dissipation within 
ratings). 

The calculated values of SF can 
then be used, together with the ap¬ 
propriate values of beta and rb' (base- 
connection resistance), to determine 
suitable resistance values for the 
transistor circuit. Fig. 98 shows 
equations for SF in terms of resist¬ 
ance values for three typical circuit 
configurations. The maximum value 
which SF can assume is the value of 
beta. Although this analysis was 
originally made for germanium tran¬ 
sistors, in which the collector satura¬ 
tion current Ico is relatively large, 
the same type of analysis may be ap¬ 
plied to interchangeability with beta 
for silicon transistors. 
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/3(R| + Req) 
Req +/5 R| 


Req= R 2 ' + 


R 4 ^5 

R 4 +R 5 


R2'= R 2 + •'b' 


Q+J3p 

Q =R2'(R3+R4'^’R5l‘''R4R5 
P=R| (R3+R4+R5) + R3R5 


R2'= R2 + »'b' 


Fig. 98 — Bias-stability-factor equations for three typical circuit configurations. 
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COUPLING METHODS 

Three basic methods are used to 
couple transistor stages: trans¬ 
former, resistance-capacitance, and 
direct coupling. 

The major advantage of trans¬ 
former coupling is that it permits 
power to be transferred from one 
impedance level to another. A 
transformer-coupled common-emitter 
n-p-n stage is shown in Fig. 99. The 
voltage step-down transformer Ti 
couples the signal from the collector 
of the preceding stage to the base of 
the common-emitter stage. The volt¬ 
age loss inherent in this transformer 
is not significant in transistor cir¬ 
cuits because, as mentioned pre¬ 
viously, the transistor is a current- 
operated device. Although the voltage 
is stepped down, the available cur¬ 
rent is stepped up. The change in 
base current resulting from the 
presence of the signal causes an al¬ 
ternating collector current to flow 
in the primary winding of trans¬ 
former Ts, and a power gain is ob¬ 
tained between Ti and Ta. 

This use of a voltage step-down 
transformer is similar to that in the 
output stage of an audio amplifier, 
where a step-down transformer is 
normally used to drive the loud¬ 
speaker, which is also a current- 
operated device. 

The voltage-divider network con¬ 
sisting of resistors Ri and Ra in Fig. 
99 provides bias for the transistor. 
The voltage divider is bypassed by 
capacitor Ci to avoid signal attenua- 



Fig. 99—T ransformer-coupled common- 
emitter stage. 


tion. The stabilizing emitter resistor 
Re permits normal variations of the 
transistor and circuit elements to be 
compensated for automatically with¬ 
out adverse effects. This resistor Re 
is bypassed by capacitor Ca. The 
voltage supply Vbb is also bypassed, 
by capacitor Cs, to prevent feedback 
in the event that ac signal voltages 
are developed across the power sup¬ 
ply. Capacitors Ci and Ca may nor¬ 
mally be replaced by a single 
capacitor connected between the emit¬ 
ter and the bottom of the secondary 
winding of transformer Ti, with little 
change in performance. 

The use of resistance-capacitance 
coupling usually permits some econ¬ 
omy of circuit costs and reduction 
of size, with some accompanying 
sacrifice of gain. This method of 
coupling is particularly desirable in 
low-level, low-noise audio amplifier 
stages to minimize hum pickup from 
stray magnetic fields. Use of resist¬ 
ance-capacitance (RC) coupling in 
battery-operated equipment is usu¬ 
ally limited to low-power operation. 
The frequency response of an RC- 
coupled stage is normally better than 
that of a transformer-coupled stage. 

Fig. 100 shows a two-stage RC- 
coupled circuit using n-p-n transis¬ 
tors in the common-emitter configu¬ 
ration. The method of bias is similar 
to that used in the transformer- 
coupled circuit of Fig. 99. The major 
additional components are the col¬ 
lector load resistances Rli and Rl 2 
and the coupling capacitor Cc The 
value of Cc must be made fairly 
large, in the order of 2 to 10 micro¬ 
farads, because of the small input 
and load resistances involved. (It 
should be noted that electrolyte ca¬ 
pacitors are normally used for cou¬ 
pling in transistor audio circuits. 
Polarity must be observed, therefore, 
to obtain proper circuit operation. 
Occasionally, excessive leakage cur¬ 
rent through an electrolyte coupling 
capacitor may adversely affect tran¬ 
sistor operating currents.) 

Impedance coupling is a modified 
form of resistance-capacitance cou¬ 
pling in which inductances are used 
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Fig. 100 — Two-Stage resistance-capacitance coupled circuit. 


to replace the load resistors. This 
type of coupling is rarely used ex¬ 
cept in special applications where 
supply voltages are low and cost is 
not a significant factor. 

Direct coupling is used primarily 
when cost is an important factor. 
(It should be noted that direct- 
coupled amplifiers are not inherently 
dc amplifiers, i.e., that they cannot 
always amplify dc signals. Low- 
frequency response is usually limited 
by other factors than the coupling 
network.) In the direct-coupled am¬ 
plifier shown in Fig. 101, resistor 
Rs serves as both the collector load 
resistor for the first stage and the 
bias resistor for the second stage. 
Resistors Ri and R 2 provide circuit 
stability similar to that of Fig. 94 
because the emitter voltage of tran¬ 
sistor Q 2 and the collector voltage of 
transistor Qi are within a few tenths 
of a volt of each other. 

Because so few circuit parts are 
required in the direct-coupled ampli¬ 


fier, maximum economy can be 
achieved. However, the number of 
stages which can be directly coupled 
is limited. Temperature variation of 
the bias current in one stage may be 
amplified by all the stages, and 
severe temperature instability may 
result. 

SPECIAL CONSIDERATIONS 
FOR POWER TRANSISTORS 

In power transistors, the main de¬ 
sign consideration is power-handling 
capability. This capability is deter¬ 
mined by the maximum junction 
temperature a transistor can with¬ 
stand and how quickly the heat can 
be conducted away from the junc¬ 
tion. 

In general, the basic physical 
theory that definies the behavior of 
any bipolar transistor in relation to 
charge-carrier interactions, current 
gain, frequency capabilities, voltage 
breakdown, and current and tem- 



Fig. 101 — Two-stage direct-coupled circuit. 
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perature ratings is not significantly 
different for power types. Power 
transistors, however, must be cap¬ 
able of large current densities and 
are required to sustain large volt¬ 
age fields. For power types, there¬ 
fore, the basic transistor theory must 
be expanded to include the effect 
that these conditions have on the 
physical behavior of the devices. 
In addition, the physical capabili¬ 
ties of power transistors must be 
defined in terms of factors, such as 
second-breakdown energy levels, safe 
operating area, and thermal-cycling 
stresses, that are not usually con¬ 
sidered for small-signal types. 


Limiting Phenomena in 
Power Transistors 


BASE-COLLECTOR 



DEPLETION 

OR 


SPACE CHARGE 
REGION 
(a) 


—. ^ . 

n 


—™ 

1 


vC\'^ 


p 1 



n + 

1 1 







EMITTER BASE | OHMIC REGION 
SPACE CHARGE 
REGION 

(b) 92CS-2572I 


Power transistors have many fea¬ 
tures in common with small-signal 
transistors, but what distinguishes 
power transistors is their ability to 
handle currents up to a few hundred 
amperes, voltages up to a few thou¬ 
sand volts, large power dissipations, 
and drastic current and voltage 
surges. 

Several phenomena which are of 
minor significance in small-signal 
bipolar transistors become important 
as currents and voltages are in¬ 
creased, and ultimately they limit 
performance. These phenomena in¬ 
clude : base widening, emitter de¬ 
biasing, second breakdown, high- 
voltage surface effects, and thermal 
fatigue. 

Base widening—Base widening 
occurs in all bipolar transistors hav¬ 
ing a lightly doped collector region. 
This effect, shown in Fig. 102, is 
caused by the mobile carrier flow 
within the unit, which modifies the 
electric field distribution so that the 
effective positions of the base-collec¬ 
tor junction and the collector de¬ 
pletion region are different from 
their positions when there is no cur¬ 
rent flow. 

Consider an n^-p-n-n^ transistor 
with no current flowing and a fixed 
base-collector reverse bias. Under 


Fig. 102 — Base-width modulation in power 
transistors: (a) no current flow (base nar¬ 
rowing); (b) high current flow (base widen¬ 
ing). 

these conditions, the depletion region 
penetrates the base and the lightly 
doped collector body. Equal fixed 
total donor and acceptor charges are 
uncovered on both sides of the metal¬ 
lurgical junction. Initiating current 
flow (mobile charge) has three ef¬ 
fects. First, the mobile charge car¬ 
riers in the base are of the same 
sign as the uncovered fixed charge; 
the depletion region in the base 
shrinks and the base widens. Second, 
the mobile carriers in the collector 
are of the opposite sign and thus 
subtract from the fixed charge. This 
condition tends to cause the depletion 
region in the collector to expand to 
uncover the requisite charge. Third, 
the current flow in the transistor in¬ 
troduces an ohmic voltage drop in 
the lightly doped n part of the col¬ 
lector body. Because this voltage 
drop subtracts from the applied col- 
lector-to-base potential, less voltage 
is available for the depletion region, 
and the base becomes wider again. 

At high current densities and low 
collector voltages, the transistor-base 
widens beyond the metallurgical 
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base-collector junction and ap¬ 
proaches the n collector region. In 
this condition, the current gain and 
gain-bandwidth product (fx) de¬ 
crease and the device approaches the 
performance of a simple three-layer 
(n"^-p-n"^) transistor. Base widening 
with its resultant decreases in cur¬ 
rent gain introduces a quasi-satura¬ 
tion region into the common emitter 
static characteristics, as shown in 
Fig. 103. Operation in this region 
significantly increases stored charge, 
rise, and fall times (rs, tr, tf). Fig. 
104 shows the influence of base 
widening on the gain-bandwidth 
product fx. 



COLLECTOR-TO-EMITTER VOLTAGE (Vce)—V 

92CS-2 5722 

Fig. 103 — Quasi-saturation in power 

transistors {n^-p-n-n^ doping profile). 

T=25°C 
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Fig. 104—Effect of base widening on gain- 
bandwidth product /r- 

Debiasing—There are two debias¬ 
ing phenomena of significance in bi¬ 
polar power transistors. The first, 
resistive debiasing, shown in Fig. 
105, results from the voltage drops 
along the resistance in emitter and 


base fingers and in the base region 
beneath the emitter. These voltage 
drops cause heavier injection from 
the edges of the emitter and in 
emitter regions closest to the emit¬ 
ter contact. 

Resistive debiasing beneath the 
emitter because of the voltage drop 
in the base resistance can be mini¬ 
mized by making the emitter fingers 
narrow, the base wide, and the base 
resistivity beneath the emitter as 
small as possible. Metallizing the 
emitters so that the contact is local¬ 
ized toward the finger center inserts 
a lateral emitter voltage drop which 
tends to offset the base resistance 
drop. 

Thermal Debiasing, shown in Fig. 
106, the second debiasing phenome¬ 
non, is a consequence of uninten¬ 
tional temperature differences be¬ 
tween various locations of the emit¬ 
ter. Forward current from the 
emitter is strongly dependent on the 
temperature of the emitter-base 
junction, as illustrated in Fig. 106. 
For example, a temperature of 12 °C 
between two regions of the emitter- 
base junction results in 3.8 times 
more current from the hotter re¬ 
gion. Because unequal injection re¬ 
sults in unequal dissipation, the hot 
region tends to become hotter and 
injects more. 

Thermal debiasing can be mini¬ 
mized in two ways. First, the emit¬ 
ter can be separated into a number 
of discrete emitters and a ballast 
resistance placed in series with each 
discrete emitter. These resistors in¬ 
sert a voltage drop in each emitter 
proportional to the current being 
passed through the emitter, thus 
inserting current feedback and equal¬ 
izing the currents between emitters. 
A second method utilizes a low 
thermal-resistance coupler between 
emitters. The emitters are made 
iso-thermal and, therefore, inject 
equally. This technique is illustrated 
in Fig. 107. 

Second Breakdown—A bipolar 
transistor operated at high power 
densities is subject to a failure mode 
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Fig. 105—Resistive debiasing phenomena: (a) along emitter finger; (b) beneath emitter. 

THERMAL DEBIASING 
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Fig. 106—Thermal debiasing. 



92CS-25726 

Fig. 107—Isothermal emitter technique. 


termed ‘^second breakdown” in which 
the emitter-collector voltage sud¬ 
denly drops, usually 10 to 25 volts. 
Unless the power is rapidly removed, 
the transistor is destroyed or ma¬ 
terially degraded by overheating. 
Second breakdown (S/b) is a ther¬ 
mal hot-spot formation within the 
transistor pellet. It has two phases 
of development. First is the con¬ 
striction phase where, because of 
thermal regeneration, the current 
tends to concentrate in a small area. 
The second phase is the destruction 
phase. In this second phase, local 
temperatures and temperature gradi- 
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ents increase until they cause perma¬ 
nent device damage. 

The constriction or regeneration 
phase of second breakdown may be 
initiated in any number of ways. 
One section of the emitter-base 
juncton need only be higher in tem¬ 
perature than the others. Such a 
hot spot might be caused by resis¬ 
tive debiasing, divergent heat flow 
to the device heat sink, an inhomo¬ 
geneity in the thermal path, or 
other irregularities or imperfections 
within the device. Once a slightly 
hotter emitter-base region is pres¬ 
ent, positive thermal feedback be¬ 
gins: the hot region injects more 
and therefore gets hotter. If the 
available power is limited or the ef¬ 
fective thermal resistance of the hot 
spot is sufficiently low, the peak 
temperature remains below a critical 
temperature, and stable operation 
continues. When the peak tempera¬ 
ture reaches a value such that local 
base-collector leakage currents reach 
base current magnitude, the device 
regenerates into second breakdown, 
often very rapidly. 

Second breakdown may occur 
when the device operates with a 
forward-biased emitter-base junc¬ 
tion or during the application of 
reverse bias. In the forward-biased 
form of second breakdown, shown 
in Fig. 108, the current Is/b above 
which the device switches into sec¬ 
ond breakdown is specified as part 
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Fig. 108 — Forward-biased second 
breakdown. 


of the '"safe-operating area'’ rating 
system developed by RCA for power 
transistors. (This system is ex¬ 
plained later in this section.) Emit¬ 
ter and base resistive ballasting 
effectively increase forward-biased 
Is/b of a device. Emitter ballasting 
equalizes currents by inserting in 
each emitter region a voltage drop 
proportional to the current passing 
through the junction. Base ballast¬ 
ing inserts a voltage drop propor¬ 
tional to base current in the various 
base regions thus equalizing drive 
conditions within the device and 
maintaining uniformity. Thermal 
coupling between emitter regions 
may also be used to improve the for¬ 
ward biased Is/b performance of a 
transistor. This previously illus¬ 
trated design approach tends to hold 
all regions of the emitter-base junc¬ 
tion at the same temperature and 
same forward bias, thus maintaining 
uniform current flow. 

Second breakdown is also observed 
when a transistor operating with an 
inductive load is turned off. Fig. 109 
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Fig. 109 — Reverse-biased second 
breakdown. 


shows this form of second break¬ 
down. When the emitter-base junc¬ 
tion is reverse biased, the edges of 
the emitters are quickly turned-off 
by the voltage drop caused by the 
reverse flow of the base current 
through the base resistance under 
the emitter. Collector current tends 
to be rapidly reduced; however, the 
inductive load responds to the de¬ 
crease in collector current by driv¬ 
ing the collector-emitter voltage to 
a value at which breakdown can oc¬ 
cur in the collector-base space charge 
region V(br)cex. The multiplied cur¬ 
rent resulting from the breakdown 





Low- and Medium-Frequency Power Transistors 


91 


is focused towards the emitter cen¬ 
ters, keeping the centers on for a 
longer time. When all center sec¬ 
tions of the emitters behave alike, 
the power is dissipated uniformly 
by all emitters. If, however, a hot 
spot exists or develops, the energy 
stored in the load inductance is 
dumped into this region. The central 
region of this “hogging’^ emitter 
rapidly rises in temperature, reach¬ 
ing a value where the hot spot sus¬ 
tains itself and second breakdown 
occurs. Emitter ballasting is not ef¬ 
fective in protecting against reverse- 
biased second breakdown because 
the hogging portion of the emitter 
is fed internally from a current 
source, and this current source is 
insensitive to the relatively small 
differences in emitter potential. Bal¬ 
lasting against reverse-biased second 
breakdov/n is best done in the col¬ 
lector by the addition of a resistive 
layer which decreases the internal 
collector-emitter voltage in the af¬ 
fected region. The maximum energy 
that may be stored in the load in¬ 
ductance before second breakdown 
(Es/b) is specified for most RCA 
pov/er transistors intended for 
switching applications. 

High-Voltage Surface Effects—As 
the voltage ratings of a power tran¬ 
sistor are increased, it becomes more 
difficult to achieve theoretical bulk 
breakdown values. Furthermore, 
both the breakdown voltage and 
junction leakage currents may vary 
under operating conditions. The 
problem is usually due to surface 
phenomena. 

High-voltage transistors require 
large depletion widths in the base- 
collector junction. This requirement 
suggests that at least one side of 
the junction must be lightly doped. 
Fig. 110 shows what happens in a 
normal mesa-type device. The ex¬ 
ternal fringing electrical fields termi¬ 
nate on the silicon and modify the 
depletion regions at the surface. If 
these fringing fields are large and 
configured as shown, a local high 
field condition is established at the 
surface and premature breakdown 
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Fig. 110—Electric field distribution in 

high-voltage '‘mesa” n-p-n transistor. 

occurs. High-intensity fringing fields 
exist well outside the junction and 
contribute to the movement of ions 
external or internal to the applied 
passivation layers, leading to in¬ 
stabilities. 

The state-of-the-art ^‘cures’^ for 
these problems are: junction con¬ 
touring to reduce the magnitude and 
the shape of the fringing fields; em¬ 
pirical determination of the proper 
surface etch and the optimum or¬ 
ganic encapsulant; or glassing of 
the junctions to contain the fring¬ 
ing fields. The latter two solutions 
do not usually yield breakdown volt¬ 
ages equal to the bulk values, but 
they do lessen the surface instability. 

To achieve breakdown voltages ap¬ 
proaching the bulk values it is neces¬ 
sary that the fringing field be prop¬ 
erly shaped, and once properly 
shaped it must be kept in this con¬ 
dition. Field electrodes are being in¬ 
vestigated to accomplish this ob¬ 
jective. 

Thermal Fatigue—A power tran¬ 
sistor is often used in applications 
where the power in the device is 
cycled; the transistor is heated and 
cooled many times. Because the 
transistor is constructed of ma¬ 
terials that have different thermal 
expansion coefficients, stress is 
placed on the chip, the metallur¬ 
gical bond, and the heat spreader. 
If the stress is severe enough and 
sufficient cycles are encountered. 
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the device fails. Usually the chip 
separates from the heat spreader 
or one of the contact connections 
opens. The stress is proportional 
to the size of the pellet, the tem¬ 
perature variation, elasticity of 
the connecting members, and the 
differences in thermal-expansion 
coefficients. Anything which con¬ 
centrates the stress, such as voids 
in the mounting system, aggravates 
the condition. 

The rate of degradation of a 
metallurgical bond under stressed 
conditions is also proportional to the 
average and peak temperature ex¬ 
cursions of the bond. The failure- 
rate dependency of thermal fatigue 
and other phenomena can be as much 
as double for every 10 °C increase 
in average and peak temperature. 
The most economical way to buy 
reliability in power transistor ap¬ 
plication is, therefore, to reduce 
these temperatures by careful con¬ 
sideration of heat flow during equip¬ 
ment design. 

Several techniques are used to im¬ 
prove thermal-cycling capability 
within power transistors. One 
method is to mount the chip on a 
metal such as molybdenum, whose 
thermal expansion coefficient is 
similar to silicon, and to braze this 
metal to the package. In this way 
stresses are evenly distributed, as 
in a graded glass seal. Another 


method, applicable on units using 
the lead solder mounting technique, 
uses a controlled solder process in 
which the thickness and composition 
of the lead solder are carefully 
controlled at all times. 

An equipment manufacturer 
should make certain that power- 
transistor circuit included in his 
systems are designed so that cyclic 
thermal stresses are mild enough to 
assure that no transistor fatigue 
failures will occur during the re¬ 
quired operating life of his equip¬ 
ment. 

RCA has developed a thermal- 
cycling rating system that relates 
the total power dissipation Pt and 
the change in case temperature aTc 
to the total number of thermal cycles 
N that the transistor is rated to 
withstand. 

Fig. Ill shows a typical thermal- 
cycling rating chart for a power 
transistor. This chart is provided 
in the form of a log-log presenta¬ 
tion in which total transistor dissi¬ 
pation is denoted by the ordinate 
and the thermal-cycling capability 
(number of cycles to failure) is in¬ 
dicated by the abscissa. Rating 
curves are shown for various mag¬ 
nitudes of changes in case tempera¬ 
ture. Use of the thermal-cycling 
rating charts makes it possible for 
a circuit designer to avoid transistor 
thermal-fatigue failures during the 
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operating life of his equipment. In 
general, power dissipation is a fixed 
system requirement. The design can 
also readily determine the number 
of thermal cycles that a power tran¬ 
sistor will be subjected to during 
the minimum required life of the 
equipment. For these conditions, the 
charts indicate the maximum allow¬ 
able change in case temperature. (If 
the rating point does not lie exactly 
on one of the rating curves, the al¬ 
lowable change in case temperature 
can be approximated by linear in¬ 
terpolation. The designer can then 
determine the minimum size of the 
heat sink required to restrict the 
change in case temperature within 
this maximum value. 

RCA thermal-cycling ratings al¬ 
low a circuit designer to use power 
transistors with assurance that 
thermal-fatigue failures of these de¬ 
vices will not occur during the mini¬ 
mum required life of his equip¬ 
ment. These ratings provide valid 
indications of the thermal-cycling 
capability of power transistors for 
all types of operating conditions. 


On the basis of these ratings, limit¬ 
ing conditions can be established 
during circuit design so that the 
possibility of transistor thermal- 
fatigue failures are avoided. 

Design Tradeoffs 

Many design variations are used 
to reduce the limitations imposed by 
base widening, emitter debiasing, 
second breakdown, high voltage sur¬ 
face effects, and thermal fatigue. 
Each design is replete with com¬ 
promises, both subtle and obvious. 

A power transistor may have its 
base-collector and emitter-base junc¬ 
tions delineated by two methods, 
shown in Fig. 112. First, selective 
etching may be used to create a 
multi-level ‘‘mesa” outline, where 
the junctions terminate at the edge 
of the mesa. Second, masked impur¬ 
ity diffusion may be used to convert 
selected areas to “planar” type junc¬ 
tions. A power transistor may be 
produced by using one or both of 
these techniques for the two junc¬ 
tions. 


EMITTER-BASE JUNCTION 


MESA PLANAR 



Fig. 112—Junction delineation techniques used in power transistors. 
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Planar junctions can be produced 
with much finer dimensions than 
mesa junctions while the surface 
oxide remains covered and ostensibly 
flat. These characteristics are neces¬ 
sary in high frequency and multi¬ 
element types. Mesa junctions are 
dimensionally inferior but produce 
junctions with higher breakdown 
voltages: absence of the radius ef¬ 
fect eliminates local internal high 
electric-field regions. For voltages 
greater than approximately 300 volts, 
the mesa junction is the most eco¬ 
nomical fabrication technique. Mesa 
type emitter-base junctions also 
eliminate edge injection and thus 
result in better high-current cur¬ 
rent gain. 

A power transistor^s doping profile 
may consist of three to six layers 
obtained by impurity diffusion and/ 
or epitaxial techniques. The basic 
three-layer profile, shown in Fig. 
113, is preferred because of its sim¬ 
plicity, but it necessitates a compro¬ 
mise between voltage and response¬ 
time capability. This compromise is 
required because the collector de¬ 
pletion region forms mostly in the 



(b) 




Fig. 113—Basic n-p-n power transistor dop¬ 
ing profiles: (a) n*-p-n^, (b) n*-p-n-n*, 
(c) n^-p-n~-n-n*, (d) n^-p-p--n~-n-n*. 


transistor base; consequently, the 
base must be wide for higher volt¬ 
age capability. The addition of a 
lightly doped collector layer, as 
shown in Fig. 113(b), allows the 
collector depletion region to expand 
into the collector rather than into 
the base, and the base can be kept 
thin. In this way the voltage capa¬ 
bility is increased without reduction 
in the device response time if base 
widening is not encountered. The 
additional layers, as shown in Figs. 
113(c) and 113(d), control base 
widening, improve voltage break¬ 
down through control of the fring¬ 
ing field which surrounds the device, 
or provide ballasting against second 
breakdown. 

A power transistor may be con¬ 
sidered a composite of many unit 
transistors in parallel. The emitter- 
base geometry is designed so that 
each unit transistor is operating 
efficiently and that, in parallel, all 
unit transistors operate together, 
sharing the load current. Fig. 114 
shows some of the emitter-base 
geometries used. In most cases, the 
emitter-base geometry is complex to 
maximize the emitter periphery-to- 
area ratio (Ep/Ea) and often con¬ 
sists of a number of separate emit¬ 
ters to minimize resistive and 
thermal debiasing effects. 

Power transistors are assembled 
and packaged in many different 
ways, and packaging power transis¬ 
tors present unique engineering 
challenges. Designers must achieve 
efficient heat removal, freedom from 
material fatigue failure under cy¬ 
cling operation, and high-current 
low-resistance contacts. In many 
cases, these considerations dictate 
the pellet design, overriding other 
considerations. 

Good engineering is the art of 
profitably trading off individual 
parameters without compromising 
total system performance, and 
power-transistor design makes good 
use of this art. 

Table IX shows qualitatively the 
relationships between the major 
physical device design parameters 
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(b) 



Fig. 114—Basic power transistor emitter 
geometries: (a) interdigitated, (b) multiple 
discrete (overlay), and (c) perforated 
emitter. 

and the major electrical parameters. 
Table X shows how the parameters 
of second breakdown, voltage, radia¬ 
tion resistance, and cost relate to 
the more conventional device electri¬ 
cal parameters. An examination of 
these tables indicates that a large 
number of compromises can be made 
in the design of the circuit-transis¬ 
tor system to optimize its cost effec¬ 
tiveness. Some of the more salient 
physical reasons behind the inter¬ 
relationships are described in the 
following paragraphs. 

The time responses of a power 
transistor are basically related to 
the transit time of a free carrier 
from the emitter to the collector and 
to the rate at which charge can be 


built up or decayed within the struc¬ 
ture. Obviously, devices having short 
conduction spaces minimize the tran¬ 
sit time; the base must be kept thin. 
Thin, low-resistivity collector ma¬ 
terial keeps the space charge region 
short and limits base widening. 
These factors also limit the amount 
of stored charge, thereby reducing 
switching times. Narrow, highly 
interdigitated ballasted emitters 
keep current flow and stored charge 
more uniform and allow faster 
charge removal from the base. All 
of the above factors contribute to a 
low saturation voltage in the tran¬ 
sistor. A compromise in saturation 
voltage (VcE(sat)) must be made, 
however, if lifetime reduction tech¬ 
niques, such as gold doping, are used 
during manufacture or if lifetime 
decreases because of radiation dam¬ 
age. High collector-emitter voltage 
must be traded against time re¬ 
sponse, because such devices depend 
on wide, high resistivity collector 
and base regions. Furthermore, be¬ 
cause lifetime reduction techniques 
are not completely applicable, 
switching times are longer. 

To achieve high-current capability, 
the emitter must have a large area, 
be highly efficient, and inject uni¬ 
formly. An emitter with many thin 
fingers meet these conditions and 
gives a high emitter periphery-to- 
area ratio. Emitter ballasting also 
helps. But base widening must be 
avoided because it limits the current 
density within a device for any rea¬ 
sonable current gain, and thin, low- 
resistivity collector material used to 
prevent base widening is inconsist¬ 
ent with high collector-emitter volt¬ 
ages. 

High current gain necessitates 
high emitter efficiency, narrow base 
widths, and high minority carrier 
lifetime. High emitter efficiency re¬ 
quires a lighter doped base. Thin, 
high-resistivity base regions ag¬ 
gravate emitter debiasing effects; 
narrow, uniformly injection emit¬ 
ters are desirable to maximize high- 
current gain. Again, because base 
widening effects must be avoided, 
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Table IX—Qualitative relationships between physical and electrical 

parameters. 


Physical Parameter Electrical Parameter 
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Notes: 

* fT measured at high currents and low voltages (power corner, worst-case point). 


Table X—Qualitative relationships between some important 

parameters. 


Specific Conventional Electrical Parameter 

Electrical 

Parameters 
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4^ 
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Notes: 

* fT measured at high currents and low voltages (power corner, worst-case point). 


Symbols for Tables IX and X 

fT —current gain-bandwidth product 

Td—delay time 

TJB—rise time 

Tf —fail time 

rs —storage time 

Is/b —forward second-breakdown current 
hFE —dc current gain 


low-voltage devices have the ad¬ 
vantage. 

The ability of a transistor to 
withstand high transient energy dis¬ 
sipation (second breakdown) is en¬ 
hanced by keeping the base wide and 
its resistivity low. This condition 


VcE —collector-to-emitter voltage 
VcE(sat) —collector-to-emitter saturation voltage 
Ic —collector current 
Es/h —reverse second-breakdown energy 
'jw Increase 
Decrease 


conflicts with time response and 
current gain objectives. A design for 
uniform injection using narrow 
emitter fingers and incorporating 
ballasted emitter sites counters ther¬ 
mal or electrical debiasing effects 
but tends to increase VcE(sat). Collec- 
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tor regions should be thick and the 
resistivity as low as possible with¬ 
out losing collector ballasting re¬ 
sistance. Multi-resistive layers in 
the collector are beneficial but add 
to the cost. In general, techniques 
used to assure high second break¬ 
down capability slow time response, 
increase saturation voltage, and add 
to cost. For a given volt-ampere 
product, extremes in voltage or cur¬ 
rent aggravate the second break¬ 
down problem. In some cases, input 
regulation and transient control to 
an entire system is economical be¬ 
cause lower-cost power transistors 
can then be utilized. 

Safe-Operating-Area Ratings 

During normal circuit operation, 
power transistors are often required 
to sustain high current and high 
voltage simultaneously. The capa¬ 
bility of a transistor to withstand 
such conditions is normally shown 
by use of a safe-operating-area rat¬ 
ing curve. This type of rating curve 
defines, for both steady-state and 
pulsed operation, the voltage-cur¬ 
rent boundaries that result from the 
combined limitations imposed by 
voltage and current ratings, the 
maximum allowable dissipation, and 
the second-breakdown (Is/b) capa¬ 
bilities of the transistor. 

If the safe operating area of a 
power transistor is limited within 
any portion of the voltage-current 
characteristics by thermal factors 
(thermal impedance, maximum junc¬ 
tion temperatures, or operating case 
temperature), this limiting is de¬ 
fined by a constant-power hyper¬ 
bola (I = KV'^) which can be rep¬ 
resented on the log-log voltage-cur¬ 
rent curve by a straight line that 
has a slope of —1. 

The energy level at which second 
breakdown occurs in a power tran¬ 
sistor increases as the time dura¬ 
tion of the applied voltage and 
current decreases. The power¬ 
handling capability of the transis¬ 
tor also increases with a decrease 
in pulse duration because thermal 


mass of the power-transistor chip 
and associated mounting hardware 
imparts an inherent thermal delay 
to a rise in junction temperature. 

Fig. 115 shows a forward-bias 
safe-area rating chart for a typical 
silicon power transistor, the RCA- 
2N3585. The boundaries defined by 
the curves in the safe-area chart in¬ 
dicate, for both continuous-wave 
and nonrepetitive-pulse operation, 
the maximum current ratings, the 
maximum collector-to-emitter for¬ 
ward-bias avalanche breakdown-volt¬ 
age rating [VaM = 1, which is usu¬ 
ally approximated by Vcbo(sus)], 
and the thermal and second-break- 
down ratings of the transistors. 



Fig. 115 — Safe-area rating chart for the 

RCA-2N3585 silicon power transistor. 

As shown in Fig. 115, the ther¬ 
mal (dissipation) limiting of the 
2N3585 ceases when the collector- 
to-emitter voltage rises above 100 
volts during dc operation. Beyond 
this point, the safe operating area 
of the transistor is limited by the 
second-breakdown ratings. During 
pulsed operation, the thermal limit¬ 
ing extends to higher values of 
collector-to-emitter voltage before 
the second-breakdown region is 
reached, and as the pulse duration 
decreases, the thermal-limited re¬ 
gion increases. 

If a transistor is to be operated 
at a pulse duration that differs from 
those shown on the safe-area chart, 
the boundaries provided by the safe- 
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area curve for the next higher pulse 
duration must be used, or the tran¬ 
sistor manufacturer should be con¬ 
sulted. Moreover, as indicated in 
Fig. 115, safe-area ratings are nor¬ 
mally given for single nonrepetitive 
pulse operation at a case tempera¬ 
ture of 25 °C and must be derated 
for operation at higher case tem¬ 
peratures and under repetitive- 
pulse or continuous-wave conditions. 

Fig. 116 shows temperature de¬ 
rating curves for the 2N3585 safe- 
area chart of Fig. 115. These curves 
show that thermal ratings are af¬ 
fected far more by increases in case 
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Fig. 116 — Safe-area temperature-derating 
curves for the RCA-2N3585 silicon power 
transistor. 

temperature than are second-break¬ 
down ratings. The thermal (dissipa¬ 
tion-limited) derating curve de¬ 
creases linearly to zero at the 
maximum junction temperature of 
the transistor [Tj(max) = 200°C]. 
The second-breakdown (Is/b-limited) 
temperature derating curve, how¬ 
ever, is less severe because the in¬ 
crease in the formation of the high 
current concentrations that cause 
second breakdown is less than the 
increase in dissipation factors as the 
temperature increases. 

Because the thermal and second- 
breakdown deratings are different, it 
may be necessary to use both curves 
to determine the proper derating 
factor for a voltage-current point 
that occurs near the breakpoint of 
the thermal-limited and second- 
breakdown-limited regions on the 
safe-area curve. For this condition, 
a derating factor is read from each 


derating curve. For one of the read¬ 
ings, however, either the thermal- 
limited section of the safe-area curve 
must be extrapolated upward in volt¬ 
age or the second-breakdown-limited 
section must be extrapolated down¬ 
ward in voltage, depending upon 
which side of the voltage breakpoint 
the voltage-current point is located. 
The smaller of the collector-current 
values obtained from the thermal 
and second-breakdown deratings 
must be used as the safe rating. 

For pulsed operation, the derating 
factor shown in Fig. 116 must be ap¬ 
plied to the appropriate curve on 
the safe-area rating chart. For the 
derating, the effective case tempera¬ 
ture Tc(eff) may be approximated 
by the average junction temperature 
Tj(av). The average junction tem¬ 
perature is determined as follows: 

Tj(av) = Tc H- Pav ((9j-c) 

This approach results in a conserva¬ 
tive rating for the pulsed capability 
of the transistor. A more accurate 
determination can be made by com¬ 
putation of actual instantaneous 
junction temperatures. (For more 
detailed information on safe-area 
ratings and temperature derating 
the reader should refer to the RCA 
Power Circuits Designer’s Hand¬ 
book, Technical Series SP-52, pp. 126 
to 145.) 

POWER TRANSISTORS IN 
SWITCHING SERVICE 

An important application of power 
transistors is power switching. 
Large amounts of power, at high 
currents and voltages, can be 
switched with small losses by use 
of a power transistor that is al¬ 
ternatively driven from cutoff to 
saturation by means of a base con¬ 
trol signal. The two most important 
considerations in such switching ap¬ 
plications are the speed at which 
the transistor can change states be¬ 
tween saturation and cutoff and the 
power dissipation. 
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Basic Operation 

Transistor switching applications 
are usually characterized by large- 
signal nonlinear operation of the 
devices. The switching transistor is 
generally required to operate in 
either of two states: on or off. In 
transistor switching circuits, the 
common-emitter configuration is by 
far the most widely used. 

Typical output characteristics for 
an n-p-n transistor in the common- 
emitter configuration are shown in 
Fig. 117. These characteristics are 
divided into three regions of opera¬ 
tion, i.e., cutoff region, active region, 
and saturation region. 



Fig. 117—Typical collector characteristic 
of an n-p-n transistor showing three prin¬ 
cipal regions involved in switching. 

In the cutoff region, both the 
emitter-base and collector-base junc¬ 
tions are reverse-biased. Under 
these conditions, the collector cur¬ 
rent is very small, and is comparable 
in magnitude to the leakage current 
IcEo, IcEv, or IcBo, depending on the 
type of base-emitter biasing used. 

Fig. 118 is a sketch of the minority- 
carrier concentration in an n-p-n 
transistor. For the cutoff condition, 
the concentration is zero at both 
junctions because both junctions are 
reverse-biased, as shown by curve 
1 in Fig. 118. 

In the active region, the emitter- 
base junction is forward-biased and 
the collector-base junction is reverse- 


EMITTER- COLLECTOR- 
BASE JUNCTION BASE JUNCTION 



92CS-25736 DISTANCE 

Fig. 118 — Minority-carrier concentrations 
in an n-p-n transistor: (1) in cutoff re¬ 
gion, (2) in active region at edge of satu¬ 
ration region, {3} in saturation region. 

biased. Switching from the cutoff 
region to the active region is ac¬ 
complished along a load line, as 
indicated in Fig. 117. The speed of 
transition through the active region 
is a function of the frequency-re¬ 
sponse characteristics of the device. 
The minority-carrier concentration 
for the active region is shown by 
curve 2 in Fig. 118. 

The remaining region of opera¬ 
tion is the saturation region. In this 
region, the emitter-base and collec¬ 
tor-base junctions are both forward- 
biased. Because the forward voltage 
drop across the emitter-base junction 
under this condition [VBE(sat)] is 
greater than that across the collec¬ 
tor-base junction, there is a net 
collector-to-emitter voltage referred 
to as VcB(sat). It is evident that any 
series-resistance effects of the emit¬ 
ter and collector also enter into de¬ 
termining VcE(sat). Because the 
collector is now forward-biased, ad¬ 
ditional carriers are injected into 
the base, and some into the collector. 
This minority-carrier concentration 
is shown by curve 3 in Fig. 118. 

A basic saturated-transistor 
switching circuit is shown in Fig. 
119. The voltage and current wave¬ 
forms for this circuit under typical 
base-drive conditions are shown in 
Fig. 120. Prior to the application of 
the positive-going input pulse, the 
emitter-base junction is reverse- 
biased by a voltage — VBE(off) = 
Vbb. Because the transistor is in the 
cutoff region, the base current Ib is 
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Ic 



Fig. 119—Basic saturated transistor switch¬ 


ing circuit. 

the reverse leakage current Ibev, 
which is negligible compared with 
Ibi, and the collector current Ic is 
the reverse leakage current Icev, 
which is negligible compared with 
Vcc/ 

Rc. When the positive-going 
input pulse Vg is applied, the base 
current Ib immediately goes positive. 



92CS-25738 

Fig. 120—Voltage and current waveforms 
for saturated switching circuit shown in 
Fig. 119. 

The collector current, however, does 
not begin to increase until some 
time later. This delay in the flow 
of collector current (td) results be¬ 
cause the emitter and collector 
capacitances do not allow the emit¬ 
ter-base junction to become forward- 
biased instantaneously. These ca¬ 
pacitances must be charged from 
their original negative potential 
[—VBB(oiF)] to a forward bias suf¬ 


ficient to cause the transistor to 
conduct appreciably. After the 
emitter-base junction is sufficiently 
forward-biased, there is an addi¬ 
tional delay caused by the time re¬ 
quired for minority carriers which 
are injected into the base to diffuse 
across the base and be collected at 
the collector. This delay is usually 
negligible compared with the delay 
introduced by the capacitive com¬ 
ponent. The collector and emitter ca¬ 
pacitances vary with the collector- 
base and emitter-base junction volt¬ 
ages, and increase as the voltage 
Vbe goes positive. An accurate de¬ 
termination of total delay time, 
therefore, requires knowledge of the 
nonlinear characteristics of these 
capacitances. 

When the collector current Ic be¬ 
gins to increase, the transistor has 
made the transition from the cutoff 
region into the active region. The 
collector current takes a finite time 
to reach its final value. This time, 
called rise time (tr), is determined 
by the gain-bandwidth product (fi), 
the collector-to-emitter capacitance 
(Cc), and the static forward current- 
transfer ratio (hpE) of the transis¬ 
tor. At high collector currents and/ 
or low collector voltages, the effect 
of this capacitance on rise time is 
negligible, and the rise time of col¬ 
lector current is inversely propor¬ 
tional to fT. At low currents and/or 
high voltages, the effect of gain- 
bandwidth product is negligible, and 
the rise time of collector current is 
directly proportional to the product 
RcCc. At intermediate currents and 
voltages, the rise time is propor¬ 
tional to the sum (V27rfT) + RcCc. 
Under any of the above conditions, 
the collector current responds ex¬ 
ponentially to a step of base current. 
If a turn-on base current (Ibi) is 
applied to the device, and the product 
iBihpB is less than Vcc/Rc, the 
collector current rises exponentially 
until it reaches the steady-state 
value IsihFE. If iBihrs is greater than 
Vcc/Rc, the collector current rises 
toward the value iBihpE. The tran¬ 
sistor becomes saturated when Ic 
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reaches the value Ics(«= Voo/Rc). 
At this point, Ic is effectively 
clamped at the value Vcc/ Rc. 

The rise time, therefore, depends 
on an exponential function of the 
ratio Ics/Ibi : hpE. Because the values 
of hpE, fx, and Cc are not constant, 
but vary with collector voltage and 
current as the transistor is switch¬ 
ing, the rise time as well as the 
delay time is dependent on nonlinear 
transistor characteristics. 

After the collector curren of the 
transistor has reached a steady-state 
value Ics, the minority-charge dis¬ 
tribution is that shown by curve 3 
in Fig. 44. When the transistor is 
turned off by returning the input 
pulse to zero, the collector current 
does not change immediately. This 
delay is caused by the excess charge 
in the base and collector regions, 
which tends to maintain the collec¬ 
tor current at the Ics value until 
this charge decays to an amount 
equal to that in the active region 
at the edge of saturation (curve 2 
in Fig. 44). The time required for 
this charge to decay is called the 
storage time (ts). The rate of charge 
decay is determined by the minority- 
carrier lifetime in the base and col¬ 
lector regions, on the amount of 
reverse ''turn-ofF’ base current (Ibs), 
and on the overdrive ‘Turn-on” cur¬ 
rent (Ibi) which determined how 
deeply the transistor was driven 
into saturation. (In non-saturated 
switching, there is no excess charge 
in the base region, so that storage 
time is negligible.) 

When the stored charge (Qs) has 
decayed to the point where it is 
equal to that at the edge of satura¬ 
tion, the transistor again enters the 
active region and the collector cur¬ 
rent begins to decrease. This fall¬ 
time portion of the collector-current 
characteristic is similar to the rise¬ 
time portion because the transistor 
is again in the active region. The 
fall time, however, depends on Ib 2 , 
whereas the rise time was dependent 
on Ibi. Fall time, like rise time, also 
depends on Tr and Cc. 

The approximate values of Ibi, 


Ib2, and Ics for the circuit shown in 
Fig. 119 are given by: 

^ Vg — Vbb — VBE(sat) 

= ns 

^ Vbb H- VBE(sat) 

= r;- 

Vcc — VcE(sat) 


Switching Characteristics 

The electrical characteristics for 
a switching transistor, in general, 
differ from that for a linear-ampli¬ 
fier type of transistor in several 
respects. The static forward current- 
transfer ratio hpE and the saturation 
voltages VcE(sat) and VBE(sat) are 
of fundamental importance in a 
switching transistor. The static for¬ 
ward current-transfer ratio deter¬ 
mines the maximum amount of 
current amplification that can be 
achieved in any given circuit, satu¬ 
rated or non-saturated. The satura¬ 
tion voltages are necessary for the 
proper dc design of saturated cir¬ 
cuits. Consequently, hpB is always 
specified for a switching transistor, 
geenrally at two or more values of 
collector current. VcE(sat) and 
Vbb (sat) are specified at one or 
more current levels for saturated 
transistor applications. Control of 
these three characteristics deter¬ 
mines the performance of a given 
transistor type over a broad range 
of operating conditions. For non- 
saturated applications, VcE(sat) and 
VBE(sat) need not be specified. For 
such applications, it is important to 
specify Vbe at specific values of col¬ 
lector current and collector-to-emit- 
ter voltage in the active region. 

Because the collector and emitter 
capacitances and the gain-bandwidth 
product influence switching time, 
these characteristics are specified for 
most switching transistors. The col¬ 
lector-base and emitter-base junction 
capacitances are usually measured 
at some value of reverse bias and 
are designated Cob and Cib, respec- 
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tively. The gain-bandwidth product 
(fx) of the transistor is the fre¬ 
quency at which the small-signal 
forward current-transfer ratio (hfe) 
is unity. Because this characteristic 
falls off at 6 dB per octave above 
the corner frequency, fx is usually 
controlled by specifying the hfe at 
a fixed frequency anywhere from 
1/2 to 1/10 fx. Because Cob, Cib, 
and fx vary nonlinearly over the 
operating range, these characteris¬ 
tics are generally more useful as 
figures of merit than as controls for 
determining switching speeds. When 
the switching speeds in a particular 
application are of major importance, 
it is preferable to specify the re¬ 
quired switching speeds in the de¬ 
sired switching circuit rather than 
Cob, Cib, and fx. 

The storage time (ts) of a tran¬ 
sistor is dependent on the stored 
charge (Qs) and on the driving cur¬ 
rent employed to switch the tran¬ 
sistor between cutoff and saturation. 
Consequently, either the stored 
charge or the storage time under 
heavy overdrive conditions should 
be specified. Most recent transistor 
specifications require that storage 
time be specified. 

Because of the dependence of the 
switching times on current and volt¬ 
age levels, these times are deter¬ 
mined by the voltages and currents 
employed in circuit operation. 


Dissipation, Current, and 
Voltage Ratings 

Up to this point, no mention has 
been made of dissipation, current, 
and voltage ratings for a switching 
transistor. The maximum continuous 
ratings for dissipation and current 
are determined in the same manner 
as for any other transistor. In a 
switching application, however, the 
peak dissipation and current may be 
permitted to exceed these continuous 
ratings depending on the pulse dura¬ 
tion, on the duty factor, and on the 
thermal time constant of the tran¬ 
sistor. 


Voltage ratings for switching 
transistors are more complicated. 
In the basic switching circuit shown 
in Fig. 119, three breakdown voltages 
must be considered. When the tran¬ 
sistor is turned off, the emitter-base 
junction is reverse-biased by the 
voltage VBE(off), (i.e., Vbb), the 
collector-base junction by Vcc + 
Vbb, and the emitter-to-collector 
junction by + Vcc. To assure that 
none of the voltage ratings for the 
transistor is exceeded under “off’^ 
conditions, the following require¬ 
ments must be met: 

The minimum emitter-to-base 
breakdown voltage V(br)ebo must be 
greater than VBE(off). 

The minimum collector-to-base 
breakdown voltage V(br)cbo must be 
greater than Vcc -f- Vbb (off). 

The minimum collector-to-emitter 
breakdown voltage V(br)cerl must be 
greater than Vcc. 

V(br)bbo and V(BR)CBo are always 
specified for a switching transistor. 
The collector-to-emitter breakdown 
voltage V(BR)CEo is usually specified 
under open-base conditions. The 
breakdown voltage V(br)cerl (the sub¬ 
script indicates a resistive 

load in the collector circuit) is gen¬ 
erally higher than V(br)ceo. The re¬ 
quirement that V(BR)CEo be greater 
than Vcc is overly pessimistic. The 
requirement that V(br)cerl be greater 
than Vcc should be used wherever 
applicable. 

Coupled with the breakdown volt¬ 
ages are the collector-to-emitter and 
base-to-emitter transistor leakage 
currents. These leakage currents 
(IcEv and Ibev) are particularly im¬ 
portant considerations at high oper¬ 
ating temperatures. The subscript 
in these symbols indicates that 
these leakage currents are specified 
at a given emitter-to-base voltage 
(either forward or reverse). In the 
basic circuit of Fig. 119, these cur¬ 
rents are determined by the follow¬ 
ing conditions: 


IcEv\ VcE =: Vcc 

Ibev/ Vbe = Vbb (off) rz — Vbb 
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In a switching transistor, these leak¬ 
age currents are usually controlled 
not only at room temperature, but 
also at some higher operating tem¬ 
perature near the upper operational 
limit of the transistor. 


Inductive Switching 

Most inductive switching circuits 
can be represented by the basic 
equivalent circuit shown in Fig. 121. 
This type of circuit requires a rapid 
transfer of energy from the switched 
inductance to the switching mechan¬ 
ism, which may be a relay, a tran¬ 
sistor, a commutating diode, or 
some other device. Often an accurate 
calculation of the energy to be dis¬ 
sipated in the switching device is 
required, particularly if that device 
is a transistor. If the supply voltage 
is low compared to the sustaining 
breakdown voltage of the transistor 
and if the series resistance of the in¬ 
ductor can be ignored, then the en¬ 
ergy to be dissipated is V 2 LP. This 
type of rating for a transistor is 
called ‘‘reverse-bias second break¬ 
down.” The energy capability of a 


Vcc 



TRANSISTOR 
UNDER TEST 


Fig. 121—Basic equivalent circuit for in¬ 
ductive switching circuit. 

transistor varies with the load in¬ 
ductance and base-emitter reverse 
bias. A typical set of ratings which 
now appears in RCA published data 
is shown in Fig. 122. 



0 100 200 300 400 

INDUCTANCE-mH 
(c) 


92CS-25740 

Fig. 122—Typical reverse-bias second- 
breakdown (Eg/i) rating curves. 


HANDLING CONSIDERATIONS 

The generation of static charge in 
dry weather is harmful to all tran¬ 
sistors, and can cause permanent 
damage or catastrophic failure in 
the case of high-speed devices. The 
most obvious precaution against such 
damage is humidity control in stor¬ 
age and operating areas. In addi¬ 
tion, it is desirable that transistors 
be stored and transported in metal 
trays rather than in polystyrene 
foam “snow”. During testing and 
installation, both the equipment and 
the operator should be grounded, 
and all power should be turned off 
when the device is inserted into the 
socket. Grounded plates may also 
be used for stockpiling of transis¬ 
tors prior to or after testing, or for 
use in testing ovens or on operating 
life racks. Further protection against 
static charges can be provided by 
use of partially conducting floor 
planes and non-insulating footwear 
for all personnel. 

Environmental temperature also 
affects performance. Variations of as 
little as 5 per cent can cause changes 
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of as much as 50 per cent in the 
saturation current of a transistor. 
Some test operators can cause 
marked changes in measurements of 
saturation current because the heat 
of their hands affects the transistors 
they work on. Precautions against 
temperature effects include air- 
conditioning systems, use of finger 
cots in handling of transistors (or 
use of pliers or *^plug-in boards^^ to 
eliminate handling), and accurate 
monitoring and control of tempera¬ 
ture near the devices. Prior to test¬ 
ing, it is also desirable to allow 
sufficient time (about 5 minutes) for 
a transistor to stabilize if it has been 
subjected to temperature much 
higher or lower than normal room 
temperature (25°C). 

Although transient rf fields are 
not usually of sufficient magnitude 
to cause permanent damage to tran¬ 
sistors, they can interfere with ac¬ 
curate measurement of characteris¬ 
tics at very low signal levels or at 
high frequencies. For this reason, 
it is desirable to check for such 
radiation periodically and to elimi¬ 
nate is causes. In addition, sensitive 
measurements should be made in 
shielded screen rooms if possible. 
Care must also be taken to avoid 
the exposure of transistors to other 
ac or magnetic fields. 

Many transistor characteristics are 


sensitive to variations in tempera¬ 
ture, and may change enough at high 
operating temperatures to affect cir¬ 
cuit performance. Fig. 123 illustrates 
the effect of increasing temperature 
on the common-emitter forward cur- 
rent-transfer ratio (beta), the dc 
collector-cutoff current, and the in¬ 
put and output impedances. To avoid 
undesired changes in circuit opera¬ 
tion, it is recommended that tran¬ 
sistors be located away from heat 
sources in equipment, and also that 
provisions be made for adequate heat 
dissipation and, if necessary, for 
temperature compensation. 

RCA POWER-TRANSISTOR 
PRODUCT MATRICES 

RCA offers a very extensive line 
of low- and medium-frequency power 
transistors for use in a broad range 
of linear and switching applications. 
In the following power-transistor 
matrices. Tables XI through XVII, 
these devices are categorized accord¬ 
ing to current and power ratings, 
pellet size, structure, and typical ap¬ 
plications. Detailed ratings and 
characteristics data on these devices 
are given in the RCA technical data 
bulletin on each transistor. The data 
bulletin file numbers are also listed 
in the matrix charts. 



92CS-2574I 

Fig. 123—Variation of transistor character¬ 
istics with temperature. 
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Table XI—Monolithic Darlington Power Transistors 
Ic to 10 A . . . Pt to 100 W . . . hpE to 1000 min. 


Ig = -10 A max. 

P-[- = 60 W max. 
VERSAWATT 
(TO-220) 

Ic = 8 A max. 

Pj = 90 W max. 
(TO-3) 

lc = 8Amax. 

Pj = 60Wmax. 
VERSAWATT 
(TO-220) 

lc= 10 A max. 
P-j-= 100 W max. 
(TO-3) 

lc= 10 A max. 

P-p = 60Wmax. 
VERSAWATT 
(TO-220) 

lc= 10 A max. 

Py = 70 W max. 
(TO-3) 

130 X 130^ 

136 X 136 

136 X 136 

136X136 

136X 136 

136 X136 



Family Designation 



RCA8203 

2N6385 

TA8904 

2N6385 

2N6388 

RCA8350 

IP-N-P] 

[N-P-N] 

[ N-P-N 1 

[N-P-N] 

[N-P-N] 

[P-N-P] 

RCA8203 

RCA1000 

RCA 122 

2N6383 

2N6386 

RCA8350 

Vppp(sus) = ^0 V 

VcEofsus' = 60 V 

Vcer(sus) = 100 V 

Vppn(sus) = 40 V 

VcEo<sus) = 40V 

Vcer(sus) = -40 V 

hpE = 1000-20,000 

hpg = 1000 min. 

hpp = 1000 min. 

hpp = 1000 min. 

hpg = 1000 min. 

hpp = 1000-20,000 

@-3A 

@3 A 

@3 A 

@5 A 

@ 3 A 

@ -5 A 

f-T- = 20MH2 min. 

^on ' ^ *VP- 

f j = 20 MHz min. 

‘on = t Ats typ. 

ton = 1 /Us tyP- 

fy = 20MHz min. 

, Ic = -8 A 

= 3 )tis typ. 


t^ = 3 /Js typ. 

tf = 3/is typ. 



tj = 1 ps typ. 


tj = 1 /Js typ. 

tj = 1 /is typ. 





V = 10 A 

Ic= 10A,P-p = 40W 





CT 

CT 


File No. 335 

File No. 594 

File No. 840 

File No. 609 

File No. 610 

File No. 861 

RCA125 

RCA1001 


2N6055 

RCA 120 

RCA8350A 

'^CEO = -60 V 

^rpnlstis) = 80 V 


Vppn(sus) = 60 V 

VpprIsus) = 60 V 

Vq^p(sus) — —60 V 

hpg = 1000 min. 

hpp = 1000 min. 


hpp = 750 min. 

hpp = 1000 min. 

hpp = 1000-20,000 

@ -3 A 

@ 3 A 


@4 A 

@ 3 A 

(5) -5 A 

f-r = 20MHz min. 

ton = I ^ tVP- 


ton = 1 typ. 

fy = 20MHz min. 

fy = 20MHz min. 

Ic = -8A 

= 3 jUs typ. 


tf = 3 ^Is typ. 

Ic = 8 A 



tj. = 1 jUs typ. 


tj = 1 typ. 

Py = 60 W 





lc = 8A 



File No. 841 

File No. 594 


File No. 563 

File No. 840 

File No. 861 

RCA8203A 



2N6384 

2N6387 

RCA8350B 

Vcer(sus) = -60 V 



Vceo (si's* = 6o v 

Vppp.(sus) = 60 V 

Vcer(sus) = -80 V 

hpE = 1000-20,000 



hpp = 1000 min. 

hpg = 1000 min. 

hpp = 1000-20,000 

@-5 A 



@5 A 

@ 5 A 

@-5 A 

f-p = 20MHz min. 



ton = t Als typ. 

ton = 1 /is typ- 

fy = 20MHz min. 

Ic= -10 A 



tf = O/is typ. 

tf = 3 /is typ. 





tj = 1 /Js typ. 

tj = 1 /is typ. 





1- = 10 A 

Ic= 10A,Py = 40W 





CT 

CT 


File No. 835 



File No. 609 

File No. 610 

File No. 861 

RCA126 



2N6056 

RCA121 


Vceo = -80 V 



VceoIsus) = 80 V 

Vcer(sus) = 80 V 


hpp = 1000 min. 



hpE =750 min. 

hpp = 1000 min. 


@-3 A 



@4 A 

@3 A 


fj = 20 MHz min. 



ton = 1 /Us typ. 

fy = 20 MHz min. 


Ic = -8 A 



tf = 3 /Js typ. 

Ic = 8 A 





tj = 1 /Us typ. 

Py = 60W 





Ic = 8 A 



File No. 841 



File No. 563 

File No. 840 


RCA8203B 



2N6385 

2N6388 


VcerIsus) “ -80 V 



VcEo(sus) = 80 V 

Vceo(sus) = 80V 


hpE = 1000-20,000 



hpp = 1000 min. 

hpg — 1000 min. 


@-5 A 



@ 5 A 

@5 A 


fj = 20 MHz min. 



‘on = ■> typ. 

ton = typ. 


»c = -10A 



t| = 3 /is typ. 

tf = 3 /is typ. 





tj « 1 /is typ. 

tj = 1 /is typ. 





lc=10A 

L= 10 A, Pt = 40W 





CT 

CT 


File No. 835 



File No. 609 

File No. 610 



^ Pellet size — values shown are edge dimensions 
in mils 

CT — Complementary Type Available 
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Table XII—Hometaxial-Base N-P-N Power Transistors 
Ic to 80 A . . . Pt to 300 W . . . VcE to 170 V 


Ig = 1.5 A max. 

Pj = 5 W max. 
{TO-39)* 

Ig = 1.5 A max. 

Pj = 8.75 W max. 
(TO-39)* 

lj,= 1.5 A max. 

Py = 8.75 W max. 
(TO-39)* 

Ip = 3.5 A max. 

Pj = 10 W max. 
(TO-39)* 

Ip = 4 A max. 

Py = 50 W max. 
(TO-66)** 

Ip = 4 A max. 
Py=36Wmax. 
VERSAWATT 
(TO-220) 

90x90A 

90x90 

90x90 

90x90 

130 X 130 

130 X 130 



Family Designation 



2N1482 

2N1482 

40349 

2N5786 

2N3054 

2N5298 

2N1479* 

Vcev = 60V 
hpE = 20-60 

@ 200 mA 

40347 

VcEv<S‘'s* = 60 V 
hpE = 25-100 
@ 450 mA 
f-p= 1.5 MHz typ. 

40349 

VcEvfsus* = 160 V 
hpE = 30-125 
@150 mA 
fj = 1.5 MHz typ. 

2N5786* 

VcerIsus) = 45 V 

hpE = 20-100 

@ 1.6 A 

fj = 1 MHz min. 

40250 

VcEV<s^s> = 50 V 
hpE = 25-100 
@ 1.5 A 

fy = 1.2 MHz typ. 

Py = 29 W 

41504 

Vcer(sus) = 35 V 
hpE = 25min. 

@ 1 A 

fy = 0.8MHz min. 

File No. 135 

File No. 88 

File No. 88 

CT 

File No. 413 

CT 

File No. 112 

File No. 775 

2N1481* 

Vcev = 60V 

hpE = 35-100 
@ 200 mA 

40348 

= 90 V 

hpp = 30-125 
@300 mA 
f j = 1.5 MHz typ. 


2IM5785* 

Vcer(sus) = 65 V 

hpp = 20-100 

@ 1.2 A 

fj = 1 MHz. min. 

2N6260 

VcEV<sus> = 50 V 

hpp = 20-100 

@ 1.5 A 

fy = 0.8 MHz min. 

Py = 29 W 

2N5295 
2N5296 
Vcer(sus) = 50 V 
hpp = 30-120 
@ 1 A 

fy = 0.8 MHz min. 

File No. 135 

File No. 88 


CT 

File No. 413 

File No. 527 

CT 

File No. 322 

2N1480* 

VcEv = 100 V 

hFE = 20min. 

@ 200 mA 



2N5784* 

VppR(sus) = 80 V 
hppS 20-100 

fy= 1 MHz min. 

2N3054 

Vqpp(sus) ~ 60 V 
hpp = 25-150 
@0.5 A 

fy = 0.8 MHz min. 

Py = 25 W 

2N5297 

2N5298 

Vcer(sus) = 70 V 

hpp = 20-80 

@ 1.5 A 

fy = 0.8 MHz min. 

File No. 135 



CT 

File No. 413 

CT 

File No. 527 

CT 

File No. 322 

2N1482* 

VcEv = 100V 

Hfe = 35-100 
@ 200 mA 




2N6261 

VcEF,(sus) = 85 V 
hpp = 25-100 
@ 1.5 A 

fy = 0.8MHz min. 

Py = 50 W 

2N5293 

2N5294 

Vcer(sus) = 75V 
hpE = 30-120 
@0.5 A 

fy = 0.8 MHz min. 

File No. 135 




File No. 527 

CT 

File No. 322 


^ Pellet size — values shown are edge dimensions 
in mils 

* Available with 

a. flange for easy heat sinking R6>jc = 15° C/W 

b. free-air radiator Rojx = 40-50° C/W 

•• Available with free-air radiator R(9 ja = 30° C/W 

* These transistors are also available in TO-5 packages 
in U.S.A., Canada, Latin America, and Far East 

CT — Complementary Type Available 
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Table XII—Hometaxial-Base N-P-N Power Transistors (cont’d) 

Ic to 80 A . - . Pt to 300 W . . . VcE to 170 V 


Ip = 3 A max. 

P-p = 25 W max. 
(TO-8) 

Ip = 3 A max. 

P-p = 50 W max. 
(TO-66)** 

Ip = 3A max. 

P-p = 36 W max. 
VERSA WATT 
(TO-220) 

Ip = 4 A max. 

Py = 50 W max. 
VERSAWATT 
(TO-220) 

Ip = 4 A max. 

Py = 50 W max. 
VERSAWATT 
(TO-220) 

Ip = 7 A max. 

Py = 50Wmax. 
VERSAWATT 
(TO-220) 

130 X 130^ 

130 X 130 

130 X 130 

130 X 130 

130 X 130 

150 X 150 



Family Designation 



2N1486 

2N3441 

2N6478 

2N6478 

2N6478 

2N5496 

2N1483 

VcEV = 60 

hpg = 20-60 

@> 750 mA 

2N6263 

Vcer(sus) = 130 V 

hpg = 20-100 

@0.5 A 

fj = 1.2 MHz typ. 

P j = 20 W 

2N6477 

VcerIsus) = 130 V 
hpp = 25-100 
@ 1 A 

fy = 0.8 MHz min. 

RCA29/SDH 

Vceo=40V 

hp£ = 40min. 

@0.2 A 

fy = 0.8 MHz min. 

Ip = 4 A 

Py = 36 W 

RCA31/SDH 

Vceo“ 40V 
hpp = 25min. 

@ 1 A 

fy - 0.8 MHz min. 

Ip = 4 A 

Py - 36 W 

2N5491 

2N5490 

Vcer(sus) -- 50 V 

hpg = 20-100 

@ 2 A 

fy = 0.8 MHz min. 

File No. 137 

File No. 529 

File No. 680 

File No. 792 

File No. 793 

CT 

File No. 353 

2N1485 

VcEv = 60 V 
hpg = 35-100 
@ 750 mA 

2N3441 

VcER<sus) = 150 V 
hpp = 25-100 
@0.5 A 

fj = 1.2 MHz typ. 

P-p = 25 W 

2N6478 

Vcer(sus) = 150 V 
hpE = 25100 
@ 1 A 

fy = 0.8 MHz min. 

RCA29A/SDH 

Vceo = 60V 
hpp = 40 min. 

@0.2 A 

fy = 0.8 MHz min. 

Ic = 4 A 

Py = 36 W 

RCA31A/SDH 

Vceo = 60V 

hpp = 25 min. 

@ 1 A 

fy = 0.8 MHz min. 
lc = 4A 

Py = 36 W 

2IM5495 

2N5494 

Vcer(sus) = 50 V 

hp£ = 20-100 

@ 3 A 

fy = 0.8 MHz min. 

File No. 137 

CT 

File No. 529 

File No. 680 

File No. 792 

File No. 793 

CT 

File No. 353 

2N1484 

VcEV = 100 V 

hpp = 20-60 

(s> 750 mA 

2N6264 

Vcer(sus) = 170 V 

hpp = 20-60 

@ 1 A 

f-p = 1.2 MHz typ. 

Pj = 50 W 


RCA29B/SDH 

''CEO = 80 V 
hp^ = 40 min. 
@0.2 A 

fy = 0.8 MHz min. 
Ip = 4 A 

Py = 36 W 

RCA31B/SDH 

Vceo = 80V 
hpp = 25min. 

@ 1 A 

fy = 0.8 MHz min. 

Ic = 4 A 

Py = 36 W 

2N5493 

2rJ5492 

Vcer(sus) = 65 V 

hpg = 20-100 

@2.5 A 

fy = 0.8 MHz min. 

File No. 137 

File No. 529 


File No. 792 

File No. 793 

CT 

File No. 353 

2N1486 

VcEV= 100 V 

hpp = 35-100 
@ 750 mA 



RCA29C/SDH 

VcEO=100V 

hpp = 40min. 

@0.2 A 

fy = 0.8 MHz min. 
Ip= 2.5 A 

Py = 50 W 

RCA31C/SDH 

VcEO= 100 V 
hpE = 25 min. 

@ 1 A 

fy = 0.8 MHz min. 
Iq = 2.5A 

Py = 50 W 

2N5497 

2N5496 

Vcer(sus) = 80 V 

hpp = 20-100 

@ 3.5 A 

fy = 0.8MHz min. 

File No. 137 



File No. 792 

File No. 793 

CT 

File No. 353 


^ Pellet size — values shown are edge dimensions 
in mils 

•* Available with free-air radiator R<9 ja = 30° C/W 
CT — Complementary Type Available 
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Table XII—Hometaxial-Base N-P-N Power Transistors (cont’d) 
Ic to 80 A . . . Pt to 300 W . . . VcE to 170 V 
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Table XII—Hometaxial-Base N-P-N Power Transistors (cont’d) 
lo to 80 A . . . Pt to 300 W . . . VoE to 170 V 


Ij, = 16 A max. 

P-j- = 75 W max. 
VERSAWATT 
(TO-220) 

Ij, = 10 A max. 
Pj= 150Wmax. 
{TO-3» 

•c = 30 A max. 

Py = 250 W max. 
(TO-3) 

1^= 16 A max. 

Pj = 250Wmax. 
<TO-3) 

Ij. = 80 A max. 

Pt = 300 W max. 
(Modified TO-3) 

180 X 180A 

180 X180 

250 x 250 

250 X 250 

380x380 

2N6103 

2N3442 

Family Designation 
2N3771 

2N3773 

2N5578 

2N6102 

2N6103 

Vcer(sus) = 45V 
hpg = 15-60 
@8 A 

f-r = 0.8 MHz min. 

Ig = 16 A max. 

2N4347 

Vcgylsusl = 140 V 
hpE = 15-60 
@2 A 

f-j- = 0.8 MHz typ. 

Pj = 100W 

2N6257 
V£er($us> = 45 V 
hpE = 15-75 
@8 A 

f-p = 0.6 MHz min. 
P-p= 150W 

Ic = 20 A 

2I\I4348 

Vqev<sus> = ’40 V 
hpE = 15-60 
@5 A 

f-p = 0.7 MHz typ. 

Pt =’20W 
•c = 10A 

2IM5575 

VcEo<s«*> = 50 V 
hpE = 10-40 
@60 A 

fT = 0.4 MHz min. 

Pile No. 485 

CT 

File No. 528 

File No. 525 

File No. 526 

File No. 359 

2N6098 

2N6099 

Vcer(sus) = 65V 

hpg = 20 80 

@4 A 

f j = 0.8 MHz min. 

= 10 A max. 

2N3442 

VcEv<S“*> = 160 V 
hpE = 20-70 
@3 A 

f-j- = 0.8 MHz typ. 

Pf = 117W 

2N3771 

Vcer<sus> = 45 V 
hpE = 15-60 
@ 15A 

f-p = 0.8 MHz min. 
Pt= 150W 

Ij. = 30 A 

2N3773 

VcEV<*“s> = ’60 V 
hpE = 15-60 
@8 A 

fT = 0.7MHz typ. 

Py = 150W 
lc= ’6 A 

2N5578 

VcEo’*“s> = 70 V 
hpE = 10-40 
@40 A 

fT = 0.4 MHz min. 

File No. 485 

File No. 528 

File No. 525 

File No. 526 

File No. 359 

2N6100 

2N6101 

Vcg^lsus) = 75 V 

hpg » 20-80 

f-j- = 0.8 MHz min. 
1^= 10 A max. 

2N6262 

VcEv‘*u*» = 170 V 
hpE 20-70 
@3 A 

f-j- = 0.8 MHz min. 

P-r = 150W 

2N3772 

Vp^Epf (sus) = 70 V 
hpE = 15-60 
@> 10 A 

f-p ° 0.8 MHz min. 

P-P = 150 W 

2N6259 

VcerIsusI = f60 V 
hpE = 15-60 
@8 A 

fT = 0.6 MHz typ. 

Pt = 250 W 

»c= ’6A 


Fite No. 485 

File No. 528 

CT 

File No. 525 

File No. 526 




2N6258 
VcERisusI = 85 V 
hpE = 20-60 
@ 15A 

f-p = 0.6 MHz min. 

P j = 250 W 

1^ = 30 A 

43104 

Vcex=’ 60V 
hpE = 15-60 
@8 A 

It = 0.7 MHz typ. 

Ic = 4 A 

Pt = 150W 




File No. 525 

File No. 622 



^Pellet size— values shown are edge dimensions 
in mils 

CT — Complementary Type Available 
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Table XIII—Epitaxial-Base N-P-N and P-N-P Power Transistors 
lo to 15 A . . . Pt to 200 W . . . VcB to 125 V 


Ig = —2 A max. 

Ij. = 2 A max. 

Ip = -2 A max. 

Ip = 2 A max. 

Ip = —2 A max. 

Ip = 2 A max. 

Pj = 10 W max. 

Pj = 10 W max. 

P-r= 10 W max. 

Pj = 10 W max. 

P-p = 10 W max. 

P-p = 10 W max. 

RCP Plastic 

RCP Plastic 

RCP Plastic 

RCP Plastic 

RCP Plastic 

RCP Plastic 

42 X 42A 

42x42 

42x42 

42x42 

42x42 

42x42 



Family Designation 



RCP700 

RCP701 

RCP700 

RCP701 

RCP700 

RCP701 

[P-N-P] 

[ N-P-N 1 

[P-N-P] 

[N-P-N] 

[P-N-P] 

[N-P-N] 

RCP706 

RCP707 

RCP702A 

RCP703A 

RCP700A 

RCP701A 

= —30 V 

Vq^q{su$) = 30 V 

VcE0<sus) = -40 V 

VpFn(sus) = 40 V 

Vp^pp(sus) = -40V 

VpFn(sus) = 40 V 

hpE = 20min. 

hpp = 20 min. 

hpE = 30-150 

hpE = 30-150 

hpE = 50-250 

hpE = 50-250 

@ -500 mA 

@ 500 mA 

@ -500 mA 

@ 500 mA 

@ -500 mA 

@ 500 mA 

= 50 MHz min. 

fj = 50 MHz min. 

f-r = 50MHz min. 

f-p = 50 MHz min. 

f-p = 50 MHz min. 

f-p = 50 MHz min. 

CT 

CT 

CT 

CT 

CT 

CT 

File No. 821 

File No. 820 

File No. 821 

File No. 820 

File No. 821 

File No. 820 

RCP704 

RCP705 

RCP702B 

RCP703B 

RCP700B 

RCP701B 

VpcQisus) “ —30 V 

VpFn<sus) = 30 V 

VCEO*s“s) = -60 V 

VcEo<sus> = 60 V 

Vppnfsus) = -60 V 

VcEo(sus) = 60 V 

hpg = 50 min. 

hpp = 50 min. 

hpp = 30-150 

hpg = 30-150 

hpE = 50-250 

hpE = 50-250 

@ —500 mA 

@ 500 mA 

@ —500 mA 

@ 500 mA 

@ —500 mA 

@ 500 mA 

fj = 50 MHz min. 

f-p = 50 MHz min. 

fj = 50MHzmin. 

f-p = 50 MHz min. 

f-p = 50 MHz min. 

f-p = 50 MHz min. 

CT 

CT 

CT 

CT 

CT 

CT 

File No. 821 

File No. 820 

File No. 821 

File No. 820 

File No. 821 

File No. 820 

RCP706B 

RCP707B 

RCP702C 

RCP703C 

RCP700C 

RCP701C 

VcEo(s^s> = -60 V 

VcEo(sus) = 60 V 

VceqIsusI = -80 V 

VcEo*s“s* = 80 V 

VcEO<s“s) = -80 V 

VcEO<s>Js) = 80 V 

hFE = 20min. 

hFE = 20min. 

hpE = 30-150 

hpp = 30-150 

hpE = 50-250 

hpE = 50-250 

@ -500 mA 

@ 500 mA 

@ —500 mA 

@500 mA 

@ —500 mA 

@ 500 mA 

fj = 50MHz min. 

fj= 50 MHz min. 

f j = 50 MHz min. 

f-p = 50 MHz min. 

fj = 50 MHz min. 

fp = 50 MHz min. 

CT 

CT 

CT 

CT 

CT 

CT 

File No. 821 

File No. 820 

File No. 821 

File No. 820 

File No. 321 

File No. 820 

RCP704B 

RCP705B 

RCP704D 

RCP703D 

RCP700D 

RCP701D 

VcEO<sus) = -60 V 

Vceo<slis) = 60 V 

Vceo<s“5> = -100 V 

VcEotsus* = 100 V 

Vp.gQ(sus) = -100 V 

VcEo^^'J^* = 100 V 

hpg = 50 min. 

hpp = 50 min. 

hpp = 30-150 

hpE = 30-150 

hpE = 50-250 

hpE = 50-250 

@ —500 mA 

@ 500 mA 

@ -500 mA 

@500 mA 

@ —500 mA 

@500 mA 

fj = 50 MHz min. 

fj = 50 MHz min. 

f j = 50 MHz min. 

f-p = 50 MHz min. 

f-p = 50 MHz min. 

fp = 50 MHz min. 

CT 

CT 

CT 

CT 

CT 

CT 

File No. 821 

File No. 820 

File No. 821 

File No. 820 

File No. 821 

File No. 820 


^ Pellet size — values shown are edge dimensions 
in mils 

CT — Complementary Type Available 
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Table XIII—Epitaxial-Base N-P-N and P-N-P Power Transistors 

(cont’d) 

Ic to 15 A . . . Pt to 200 W . . . VcB to 125 V 


Ij, = -3.5 max. 
P-p= 10 W max. 
(TO-39)* 

1 = 6 A max. 

Pj = 40 W max. 
{TO-66)** 

•c = -6 A max. 

P-p = 40 W max. 
(TO-66)** 

Ij. = 7 A max. 

Py = 40 W max. 
VERSAWATT 
(TO-220) 

lp = 7 A max. 

Pj = 40 W max. 
VERSAWATT 
(TO-220) 

90 X 90A 

90x90 

90x90 

90 X 90 

90x90 

2N5783 

[P-N-P] 

2N6372 

[N-P-N] 

Family Designation 
2N5954 
[P-N-P] 

2N6292 

[N-P-N-] 

2N6292 

[N-P-N] 

2N5783* 

Vcer(sus) = -45 V 

hpg = 20-100 

@ -1.6 A 

f-p = 8 MHz min. 

2N6374 

Vp-pofsus) = 45 V 

hpp = 20-100 

@3A 

f-p = 4 MHz min. 

2N5956 

Vcer(sus) = -45 V 

hpp = 20-100 

@-3A 

fj = 5 MHz min. 

2N6288 

2N6289 

Vcer(sus) = 40 V 
hpp = 30-150 
@ 3 A 

f-p = 4 MHz min. 

41500 

'^CEX = 35 V 
hpp = 25 min. 

@ 1 A 

= 4 MHz min. 

CT 

File No. 413 

CT 

File No. 675 

CT 

File No. 675 

CT 

File No. 676 

CT 

File No. 772 

2N5782* 

Vcer(sus) = -65 V 

hpp = 20-100 

@ -1.2 A 

f-p = 8 MHz min. 

2N6373 

VrFR(sus) = 65V 

hpp = 20-100 

@2.5 A 

f-p = 4 MHz min. 

2N5955 

Vcer(sus) = —65 V 

hpp = 20-100 

@ -2.5 A 

f-p = 5 MHz min. 

2N6290 

2N6291 

Vcer(sus) = 60 V 
hpE = 30-150 
@ 2.5 A 

fp = 4MHzmin. 


CT 

File No. 413 

CT 

File No. 675 

CT 

File No. 675 

CT 

File No. 676 


2N5781* 

Vr-Folsus) = -80 V 

hpp = 20-100 

@ -1 A 

f-p = 8 MHz min. 

2N6372 

Vcer(sus) = 85V 

hpp = 20-100 

@ 2 A 

f-p = 4 MHz min. 

2N5954 

VcerIsus) = —85 V 

hpp = 20-100 

@ -2 A 

f-p = 5 MHz min. 

2N6292 

2N6293 

Vppo(sus) = 80 V 
hpp = 30-150 
@ 2 A 

f-p = 4 MHz min. 


CT 

File No. 413 

CT 

File No. 675 

CT 

File No. 675 

CT 

File No. 676 




2N6467 

Vppr(sus) = -105 V 

hpp 5 20-100 

@-1 A 

f-p = 5 MHz min. 

2N6473 

Vcer<sus) = 110 V 
hpE = 30-150 
@ 1.5 A 

f-p = 5 MHz typ. 




File No. 675 

CT 

File No. 676 




2N6468 

Vcer(sus) = -125 V 

hpp = 20-100 

@-1 A 

f j = 5 MHz min. 

2N6474 

Vcer(sus) = 130 V 
hpp = 30-150 
@ 1 A 

f-p = 5 MHz typ. 




File No. 675 

CT 

File No. 676 



^ Pellet size values shown are edge dimensions 
in mils 

* Available with 

a. flange for easy heat sinking R^jc = 15‘’ C/W 

b. free-air radiator ja = 40-50° C/W 

** Available with free-air radiator R<9 ja = 30° C/W 

* These transistors are also available in TO-5 packages 
in U.S.A., Canada, Latin America, and Far East 

CT — Complementary Type Available 
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Table XIII—Epitaxial-Base N-P-N and P-N-P Power Transistors 

(cont’d) 

Ic to 15 A . . . Pt to 200 W . . . VcE to 125 V 


Ip = —7 A max. 

P-r = 40 W max. 
VERSAWATT 
(TO-220) 

Ip = —7 A max. 

Py = 40 W max. 
VERSAWATT 
lTO-220) 

Ip= 15 A max. 
P-p= 125 W max. 
lTO-3) 

Ip = —15 A max. 
Pt= 125Wmax. 
<TO-3) 

Ip = 15 A max. 

Py = 75 W max. 
VERSAWATT 
(TO-220) 

lp= -15A max. 

Py = 75 W max. 
VERSAWATT 
(TO-220) 

90 x 90A 

90x90 

150 X 150 

150 X 150 

150 X 150 

150 X 150 

2N6107 

[P-N-P] 

2N6107 

[P-N-P] 

Family D 
2N6472 
[N-P-N] 

esignation 

2N6248 

[P-N-P] 

2N6488 

[N-P-N] 

2N6491 

[P-N-P] 

41501 

Vcer(sus) = -35 V 
hpg = 25 min. 

. @ -1 A 

2N6110 

2N6111 

Vq^PiIsus) = -40 V 
hpE = 3ai50 
@-3 A 

fj= 10 MHz min. 

2N6470 

VcerIsus) = 45V 

hpp = 2 aioo 

@5 A 

f-p = 5 MHz typ. 

2N6469 

VcerIsus) = -45 V 

hpp = 20^100 

@-5A 

f-p = 6 MHz min. 

2N6486 

VcerIsus) = 50 V 
hpE = 30-150 
@6 A 

fy = 5 MHz typ. 

2N6489 

Vcer(sus) = -50 V 
hpp = 30-150 
@-6 A 

fy = 5 MHz typ. 

CT 

File No. 770 

CT 

File No. 676 

CT 

File No. 677 

CT 

File No. 677 

CT 

File No. 678 

CT 

File No. 678 


2N6108 

2N6109 

VQppIsus) ~ —60 V 
hpp = 30-150 
@ -2.5 A 
f-p= 10 MHz min. 

2N6471 

Vcer(sus> = 65 V 

bpp = 2 aioo 

@7 A 

f-p = 5 MHz typ. 

2N6246 

VpFofsus) =-65 V 

hpp = 20 100 

@-7 A 

fj = 6MHzmin. 

2N6487 

Vcer(sus) = 70 V 
hpp = 30-150 
@ 5 A 

fy = 5 MHz typ. 

2N6490 

Vcer(sus) = -70 V 
hpF = 30-150 
@-5 A 

fy = 5 MHz typ. 


CT 

File No. 676 

CT 

Fite No. 677 

CT 

File No. 677 

CT 

File No. 678 

CT 

File No. 678 


2N6106 

2N6107 

VQpp(sus) = -80 V 
hpp = 30-150 
@-2 A 

fj= 10 MHz min. 

2N6472 

Vpcpfsus) = 85 V 

hp|5 20-100 

@>6 A 

f j = 5 MHz typ. 

2N6247 

VcerIsus) =-85 V 

hpp = 20-100 

@-6 A 

fy = 6 MHz min. 

2N6488 

VcgR(sus) = 90V 
hpg = 30-150 
@4A 

fy = 5 MHz typ 

2N6491 

VcER<sus) = -90 V 
hpE = 30-150 
@-4 A 

fy = 5 MHz typ. 


CT 

File No. 676 

CT - 
File No. 677 

CT 

File No. 677 

CT 

File No. 678 

CT 

File No. 678 


2N6475 

VpFolsus) = -110 V 

hpE = 30-150 

@-1.5A 

f-p = 5 MHz typ. 


2N6248 

Vcer(sus) = -105V 

hpp = 20-100 

@-5 A 

f j = 6 MHz min. 




CT 

File No. 676 


File No. 677 




2N6476 

VpFo(sus) = -130 V 
hpp = 30-150 
@-1 A 

f-p = 5 MHz typ. 






CT 

File No. 676 


^ Pellet size — values shown are edge dimensions 
in mils 

CT ^ Complementary Type Available 
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Table XIV—High-Voltage N-P-N and P-N-P Power Transistors 
Ic to 30 A . . . fT to 20 MHz . . . Pt to 175 W 


Ip = 150 mA max. 

P-j- = 6.25 W max. 
RCP Plastic 

Ij. = 150 mA max. 

Pj = 6.25 W max. 
RCP Plastic 

Ij. = 150 mA max. 
Py = 6.25 W max. 
RCP Plastic 

Ip = 1 A max. 

Py = 20 W max. 
(Plastic TO-5) 

Ip = 1 A max. 

Py = 10 W max. 
(TO-39)* 

32 X 32A 

32x32 

32x32 

32x32 

42x42 

RCP111 

IN-P-Nl 

RCP111 
(N-P-N 1 

Family Designation 
RCP111 
[N-P-N] 

2N6177 

[N-P-N] 

2N3439 

[N-P-N] 

RCP117 

VcEO<S‘'s> = 100 V 
hFE = 20 min. 

@ 25 mA 

f-j- = 80 MHz typ. 

RCP113A 

Vf>p/->(sus) = 200 V 
hp|= 30-150 
@ 25 mA 
f-p = 80 MHz typ. 

RCP111A 

Vppolsus) = 200 V 
hpE = 50 300 
@25 mA 
f j = 80 MHz typ. 

41505 

VcEO<*^s> = 200 V 
hpE = 20min. 

@ 50 mA 

2N3440* 

Vcer(sus) = 300V 
hpE = 40-160 
@20mA 
fy = 15 MHz min. 

File No. 822 

File No. 822 

File No. 822 

File No. 771 

File No. 64 

RCP115 

VcEO<sus) = 100 V 
hpE = 50 min. 

@ 25 mA 

fj = 80 MHz typ. 

RCP113B 

Vceo<s“*> = 250V 

hpp = 30-150 

@ 25 mA 

f-p = 80 MHz typ. 

RCP111B 

Vppolsus) = 250 V 
hpp = 50-300 
@ 25 mA 
fy = 80 MHz typ. 

2N6175 

40885B 

"Plastic 2N3440" 
Vcer(sus) = 300 V 
hpE = 30-190 
@ 20 mA 
fy = 20 MHz min. 

2N3439* 

Vpfr(sus) = 400 V 
hpE = 40-160 
@ 20 mA 
fy = 15 MHz min. 

File No. 822 

File No. 822 

File No. 822 

CT 

File No. 508 

File No. 64 

RCP117B 

VcEO<s“s> = 250 V 

hpE = 20min. 

@25 mA 

fj = 80MHztyp. 

RCP113C 

Vceo*s“s> = 300V 
hpp = 30-150 
@ 25 mA 
f-p = 80 MHz typ. 

RCP111C 

VcEO<sus) = 300 V 
hpp = 50-300 
@25 mA 
fy = 80 MHz typ. 

2N6176 

40886b 

Vcer(sus) = 350 V 
hpE = 30-150 
@ 20 mA 
fy = 20 MHz min. 


File No. 822 

File No. 822 

File No. 822 

CT 

File No. 508 


RCP115B 

VcEO<s‘JS> = 250 V 
hpE = 50 min. 

@ 25 mA 

ij = 80 MHz typ. 

RCP113D 

VcEols*^** = 350 V 
hpp = 30-150 
@ 25 mA 
f-p = 80 MHz typ. 

RCP111D 

VcEO<s“S> = 350 V 
hpp = 50-300 
@25 mA 
fy = 80 MHz typ. 

2N6177 

40887B 

"Plastic 2N3439" 
Vcer(sus) = 400V 
hpE = 30-150 
@ 50 mA 
fy = 20 MHz min. 


File No. 822 

File No. 822 

File No. 822 

CT 

File No. 508 



^ Pellet size — values shown are edge dimensions 
in mils 

* Available with 

a. flange for easy heat sinking R^jc = 15° C/W 

b. free-air radiator R<9 ja = 45° C/W 

* Type with a factory-attached heat clip 

* These transistors are also available in TO-5 packages 
in U S.A., Canada, Latin America, and Far East 

CT — Complementary Type Available 
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Table XIV—High-Voltage N-P-N and P-N-P Power Transistors (cont’d) 
Ic to 30 A . . . fT to 20 MHz . . . Pt to 175 W 


Ic=-1 Amax. 
Pj= 10 W max. 
(TO-39)* 

Ij, = 5 A max. 

Pp = 35 W max. 
(TO-66)** 

Ip = -5 A max. 
Pp= 35Wmax. 
(TO-66)** 

Ip = —2 A max. 

Pp = 20 W max. 
(TO-66)** 

Ip = 10 A peak 

Pp = 45 W max. 
(TO-66)** 

42 X 42A 

103 X 103 

124 X 124 

124 X 124 

130 X 130 

2IM5415 

[P-N-P] 

2N3585 

[N-P-N] 

Family Designation 

2N6213 

[P-N-P] 

2N6213 

[P-N-P] 

2N6079 

[N-P-N] 

RCS880 

Vppn(sus) = -150 V 
hpE = 20-150 
@ —50 mA 

P-p = 7.5 W 

2N3583 

Vcer(sus) = 250 V 
hpp = 40min. 

@ 100 mA 
hpp=10min. 

fp = 15 MHz min. 

2N6211 

Vppp(sus) — —250 V 

hpE = 10-100 

@-1 A 

fp = 20 MHz min. 

RCS560 

Vcer(sus) = -225 V 
hpE = 7.5min. 

@ -0.75 A 

fp = 20 MHz min. 

2N6078 

Vcer(sus) = 275 V 
hpE= 12-70 
@ 1.2 A 
= 0.3 (Js typ. 
tf = 0.3 jJs typ. 

File No. 777 

File No. 138 

CT 

File No. 507 

File No. 782 

File No. 492 

2N5415 

VcEO<s^s) = -200 V 
hpp = 30-150 
@ -50 mA 
fj = 15 MHz min. 

Rj = 10 W 

2N3584 

Vcer(sus) = 300 V 
hFE = 40min. 

@ 100 mA 
hpp = 25-100 
@ 1 A 

fp= 15 MHz min. 

2N6212 

Vcer(sus) = -325 V 

hpp = 10-100 

@-1 A 

fp = 20 MHz min. 

RCS559 

Vcer(sus) = -250 V 

hpg = 10-100 

@ -0.75 A 

fp = 20 MHz min. 

2N6077 

Vcer(sus) = 300 V 
hpp = 12-70 
@ 1.2 A 

= 0.3 fJs typ. 
tf = 0.3 IJis typ. 

CT 

File No. 336 

CT 

File No. 138 

CT 

File No. 507 

File No. 782 

CT 

File No. 492 

RCS881 

VcEO<s'JS> = -250 V 
hpp = 20 min. 

@ —35 mA 
f-p= 15 MHz min. 

P-p = 7.5 W 

2N3585 

Vcer(sus) = 400 V 
hpp = 40min. 

@100 mA 
hpE = 25-100 

fp = 15 MHz min. 

2N6213 

Vppr(sus) = -375 V 
hpE = 10-100 

@ -1 A 

fp = 20 MHz min. 


2N6079 

Vcer(sus) = 375 V 
hpp= 12-50 
@ 1.2 A 
tj. = 0.3 /Xs typ. 
tf = 0.3/is typ. 

File No. 780 

CT 

File No. 138 

File No. 507 


File No. 492 

RCS882 

Vcer(sus) = -350 V 
hpp = 20 min. 

@ -35 mA 

fT = 15MHzmin. 

Pj = 7.5W 

2N4240 

Vcer(sus) = 400 V 
hpp = 40 min. 

@ 100 mA 
hpp = 30-150 
@ 750 mA 
fp = 15 MHz min. 

2N6214 

Vcer(sus) = -425V 

hpg = 10-100 

@-1 A 

fp = 20 MHz min. 


40851 

Vcer(sus) = 375 V 
hpp=12min. 

@ 1.2 A 

t^ = 0.3 /is typ. 

tf = 0.3/is typ. 

File No. 781 

File No. 138 

File No. 507 


File No. 498 


^ Pellet size — values shown are edge dimensions 
in mils 

* Available with 

a. flange for easy heat sinking R(9jc = 15° C/W 

b. free-air radiator Ri9ja = 45° C/W 

** Available with free-air radiator = 30° C/W 
CT — Complementary Type Available 


2N5416 

k/CER(sus) = -350 V 
ipE = 30-120 
9> -50 mA 
fj = 15 MHz min. 

= low 


40850 

Vcer(sus) = 400V 
hpg = 25 min. 

@ 750 mA 

f-r = 15 MHz min. 
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Table XIV—High-Voltage N-P-N and P-N-P Power Transistors (cont’d) 
Ic to 30 A . . . to 20 MHz . . . Pt to 175 W 


Ij, = 10 A peak 

P-p = 125 W max. 
(TO-3) 

Ij, = 5 A max. 

P-j- = lOOWmax. 

(TO-3) 

Switching Linear 

lf, = 7Amax. 
Pj= 125 W max. 
(70-3) 

If. = 15 A peak 

P-p = now max. 
(TO-3) 

If. = 30 A peak 

Pj = 175 W max. 
(TO-3) 
Switching 

130x 130A 

130 X 130 

130 X 130 

180 X 180 

210X 210 

260 X 260 



Family Designation 



2N5840 

2N5840 

2N5240 

2N6510 

2N5804 

2N6252 

[N-P-IM] 

[N-P-Nl 

[N-P-N 1 

[N-P-N] 

[N-P-N] 

[N-P-N] 

RCA 410# 

41506 

2N5239 

2N6510 

2N5804 

2N6249 

Vppn(sLis) = 200 V 

Vrp^(sus) = 200 V 

Vppr(sus) = 250 V 

Vcer(sus) = 250 V 

Vppr(sus) - 300 V 

Vppplsus) = 225 V 

hpg = 30-90 

hpE = 8 

hpp = 20min. 

hpE = 10min. 

hpg = 25-250 

hpF = 10-50 

@ 1 A 

@ 2 A 

@2 A 

@3 A 

@0.5 A 

@ 10 A 

= 0.35 /Js typ. 


hpp = 20 80 

f-p = 3 MHz min. 

hpg = 10-100 

tf = 0.8 /is typ. 

tp = 0.15 /Js typ. 


@0.4 A 


@ 5 A 

tp = 0.5 /is typ. 



f-p = 5 MHz min. 


tf = 0.4 /is typ. 






tp = 1.2/is typ. 


File No. 509 

File No. 776 

File No. 321 

File No. 848 

File No. 407 

File No. 523 

RCA 411# 

2N5838 

2N5240 

2N6511 

2N5805 

RCS564 

Vppn(sus) = 300 V 

Vppf;,(sus) = 275 V 

Vcer(sus) = 350 V 

“ 300 V 

Vppr(sus) = 375 V 

Vppn(sus) = 225 V 

hpp = 30-90 

hpp = 20min. 

hpp = 20 min. 

hpE=10min. 

hpE = 25-250 

hFE = 5min. 

@ 1 A 

@ 0.5 A 

@2 A 

@ 4 A 

@0.5 A 

@ 10 A 

= 0.35 fJs typ. 

hpp = 8-40 

hpg = ^0-yu 

f j = 3 MHz min. 

hpE = 10-100 

tf = 0.8 /is typ. 

tp = 0.15 /.(s typ. 

@3A 

@0.4 A 


@5 A 

tp = 1 /is typ. 


tf = 0.8 /is typ. 

f-p = 5MHzmin. 


tf = 0.4 /is typ. 



tf = 0.4 /is typ. 



tp = 1.2/is typ. 


File No. 510 

File No. 410 

File No. 321 

File No. 848 

File No. 407 

File No. 782 

RCA 413# 

2N5839 


2N6512 

40853 

2N6250 

VcEO<susl = 325 V 

Vcer(sus) = 300 V 


Vcer(sus) = 350 V 

Vcer(sus) = 375 V 

Vcer(sus) = 300 V 

hpE = 20-80 

hpp = 20 min. 


hpp=10min. 

hFE=10min. 

hpE = 8-50 

@0.5 A 

@0.5 A 


@4 A 

@ 5 A 

@ 10 A 

t^ = 0.35 (Jls typ. 

hpg = 10-50 


f-p = 3 MHz min. 

tf = 0.4 /is typ. 

tf = 0.8/is typ. 

tp = 0.15 iJs typ. 

@ 2 A 



tp = 1.2/is typ. 

tp = 0.5 /is typ. 


t^ = 0.6 /is typ. 






tf = 0.35 /is typ. 





File No. 511 

File No. 410 


File No. 848 

File No. 498 

File No. 523 

RCA 423# 

2N5840 


2N6514 


2N6251 

VcEo<s“S> = 325 V 

Vcer(sus) = 375 V 


Vcer(sus) = 350 V 


Vcer(sus) = 375 V 

hpp = 30-90 

hpE = 20min. 


hpE=10min. 


hpg = 6-50 

@ 1 A 

@0.5 A 


@5A 


@ 10 A 

■ t|. = 0.35 jUs typ. 

hpp = 10-50 


f-p = MHz min. 


tf = 0.8/is typ. 

tp = 0.15 jUs typ. 

@2A 




tp = 0.5 /is typ. 


tf = 0.6 /is typ. 






tp = 0.35/is typ. 





File No. 512 

File No. 410 


File No. 848 


File No. 523 

RCA 431# 

40852 


2N6513 


40854 

= 325 V 

VcerIsus) = 375 V 


Vcer(sus) = 400 V 


Vcer(sus) = 325 V 

hpE = 15-35 

hpp=12mm. 


hpp=10min. 


hpp = 8min. 

@2.5 A 

@ 1.2 A 


@4 A 


@ 10 A 

= 0.35 /is typ. 

tf = 0.5 /is typ. 


f-p = 3 MHz min. 


tf = 0.8/is typ. 

tf = 0.15/is typ. 

tp = 0.35 /is typ. 




tp = 0.5 /is typ. 

File No. 513 

File No. 498 


File No. 848 


File No. 498 


^ Pellet size — values shown are edge dimensions 
in mils 

# For new equipment design only—not recommended 
for retrofit. 
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Table XV—High-Speed Switching N-P-N and P-N-P Power 

Transistors 

Ic to 60 A ... It to 250 MHz . . . Pt to 140 W 


Ij, = 1 A max. 

lc=-l A max. 

1^=2 A max. 

Ig = 2 A max. 

1^ = -2 A max. 

Ip = 2 A max. 

Pj = 5 W max. 

P-P = 7 W max. 

Pj = 5 W max. 

Pj = 10 W max. 

Pj= low max. 

P-p = 25 W max. 

(TO-39)* 

(TO-39r 

iLo Profile TO-39) 

<TO-39)* 

(TO-39)* 

(Plastic TO-5) 

30x30A 

30x30 

32 X 32 

42x42 

42x42 

. 42 x 42 



Family Designation 



2N2102 

2N4036 

2N5262 

2N5320 

2N5322 

2N6179 

[N-P-IM] 

[P-N-P] 

[N-P-N] 

[N-P-N] 

[P-N-P] 

[N-P-N] 

41502 

41503 

2N5189 

2N5321* 

2N5323* 

2N6179 

Vrpn(sus) = 30 V 


Vppn(sus) = 35 V 

Vpppisus) = 65 V 

VperIs'Js) = “65 V 

"Plastic 2N5321" 

hpE = 20min. 

hpE = 20 min. 

hpE=15min. 

hpE = 40-250 

hp£ = 40-250 

Vppr(sus) = 65 V 

@150 mA 

@-150 mA 

@ 1 A 

@ 500 mA 

@ —500 mA 

hpE = 40-250 

Py = 3 W 


f-p = 250 MHz min. 

fj = 50 MHz min. 

f-p = 50 MHz min. 

@ 500 mA 



Vh ” ^0 

to„ = 80nsmax. 


fj = 50 MHz min. 



toff = 70 ns max. 

toff = 666 "s ttiax. 


ton = 60 ns max. 






tppf = 800 ns max. 

CT 

CT 


CT 

CT 

CT 

File No. 773 

File No. 774 

File No. 296 

File No. 325 

File No. 325 

File No. 562 

2N3053* 

2N4037* 

2N5262 

2N5320* 

2N5322* 

2N6178 

Vcer(sus) = 50V 

Vppolsus) = -60 V 

Vpppisus) = 50 V 

Vcer(sus) = 90 V 

Vcer(sus) = -90 V 

"Plastic 2N5320" 

hpE = 50-250 

hpE = 50-250 

hpE = 25min. 

hpE = 30-130 

hpp = 30-130 

Vcer(sus) =90 V 

@ 150 mA 

@ -150 mA 

@ 1 A 

@500 mA 

@ -500 mA 

hpp = 30-130 

fj = 100 MHz min. 

f-p = 60MHzmin. 

f-p = 250 MHz min. 

f-p = 50 MHz min. 

hpp=10min. 

@ 500 mA 

P-p = 5 W 


tpp = 30 ns max. 

ton = 60 ns max. 

@ -1 A 

fj = 50 MHz min. 



toff = 60 ns max. 

tgff = 800 ns max. 

fj = 50 MHz min. 

ton = 60 ns. max. 






tpif = 800 ns. max. 

CT 

CT 


CT 

CT 

CT 

File No. 432 

File No. 216 

File No. 313 

File No. 325 

File No. 325 

File No. 562 

2N2102* 

2N4036* 





Vcer(sus) = 80 V 

VcerIsus) = —85 V 





hpp = 40-120 

hpp = 40-140 





@ 150 mA 

@ —150 mA 





f-p= 120 MHz min. 

f-p = 60 MHz min. 





Pj = 5W 






CT 

CT 





File No. 106 

File No. 216 






2N4314* 

VcerIsusI = -85 V 
hpE = 50-250 
@-150 mA 
fj = 60MHz min. 


File No. 216 


^ Pellet size — values shown are edge dimensions 
in mils 

* Available with 

a. flange for easy heat sinking R(?jc = 15^’ C/W 
h. free-air radiator R<9 ja = 50° C/W 

* These transistors are also available in TO-5 packages 
in U.S.A., Canada, Latin America, and Far East 

CT — Complementary Type Available 



Low- and Medium-Frequency Power Transistors 
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Table XV—High-Speed Switching N-P-N and P-N-P Power 
Transistors (cont’d) 

Ic to 60 A ... It to 250 MHz . . . Pt to 140 W 


1,,= -2 A max. 

Pj = 25 W max. 
(Plastic TO-5) 

Ip = 7 A max. 

P-p = 35 W max. 
(TO-66)“ 

1^ = 15 A max. 

P-p = 85 W max. 
(Radial) 

Ig = 20 A max. 

P-p = MOW max. 
(TO-3) 

Ip = 25 A max. 

Pj = 125 W max. 
(TO-63) 

lp= 30 A max. 

Py = MOW max. 
(TO-3) 

Ip = 60 A max. 

Py = MOW max. 
(Modified TO-3) 

42 X 42A 

103 X 103 

155 X 155 

146 X 183 

215 X 222 

220 X 220 

220 X 220 
[2 CHIPS] 

2N6181 

[P-N-P] 

Family Designation 
2N3879 
IN-P-N] 

2N6480 

[N-P-N] 

2N5038 

[N-P-N] 

Family De 
2N3263 
[N-P-N] 

signation 

2N5671 

[N-P-N] 

2N6033 

[N-P-N] 

2N6181 

"Plastic 2N5323" 
VocdIsus) = —65 V 
hp 1=40-250 
@ —500 mA 
fj = 50 MHz min. 

CT 

File No. 562 

2N3878+ 

Vcer(sus) = 60 V 
hpE = 20 min. 

@ 4 A 

hpE = 50-200 
@ 0.5 A 

f-p = 60 MHz min. 
t^ = 400 ns max. 
tf = 400 ns max. 

1 = 7 A 

File No. 766 

2N6479 

(Isolated Collector) 

2N6481 

(Non-lsolated Coll.) 
Vcer(sus) = 80 V 

hpp = 20min. 

@ 12 A 

f-p = 100 MHz tvp. 
Radiation Hard 

File No. 702 

2N5039 

'vcer(sus) = 95V 
hpp = 20min. 

@ 10 A 
hpg = 30-150 
@2 A 

f-p = 60 MHz min. 

= 0.5 fJs max. 

’off = 2/ts max. 

File No. 698 

2N3266 

2N3264* 

Vcer(sus) = 80 V 

hpp = 20-80 

@ 15 A 

fj = 20 MHz min. 
tpn = 0.5/is max. 
toff = 2/is max. 

File No. 54 

2N5671 

Vcer(sus) = 110 V 
hpE = 20min. 

@ 20 A 

hpp = 20-100 

@ 15 A 

fy = 50 MHz min. 
ton = 0.5/is max. 

’off " 2/is max. 

File No. 383 

2N6032 

Vqpp(sus) = 110 V 
hpE = 10-50 
@50 A 

fy = 50 MHz min. 
t^= 1 /is max. 
tf = 0.5/is max. 

File No. 462 

2N6180 

"Plastic 2N5322" 
Vq^P^(sus) = —90 V 
hpp = 30-130 
@ -500 mA 

hpE=10min. 

ij= 50 MHz min. 

CT 

File No. 562 

2N3879 

Vcer(sus) = 90 V 
hpp = 40min. 

@ 0.4 A 

hpp = 20-80 

@ 4 A 

fy = 60MHzmin. 
t^ = 400 ns max. 
tf = 400 ns max. 

Ic = 7 A 

File No. 766 

2N6480 

(Isolated Collector) 

2N6482 

(Non-lsolated Coll.) 
VcerIsus) = 80 V 
hpP = 20min. 

@ 12 A 

fj = 100 MHz tvP- 
Radiation Hard 

File No. 702 

2N5038 

Vcer(sus) = 110 V 

hpp = 20m.n. 

@ 12 A 
hpp = 50-200 
@ 2 A 

f-p = 60 MHz min. 
tg^ = 0.5/is max. 
toff-2/is max. 

File No. 698 

2N3265 

2N3263a 

V^^pisus) ^ 110 V 
hpp = 25-75 

f-p = 20 MHz min. 
ton = 0.5/is max. 
toff = 2/is max. 

File No. 54 

2N5672 

Vcer(sus) = 140 V 

hpp = 20mm. 

@ 20 A 

hpp = 20 100 

@ 15 A 

fy = 50 MHz min. 

ton " 

toff = 2/is max. 

File No. 383 

2N6033 

Vcer(sus) = MOV 
hpp = 10-50 
@40 A 

fy = 50 MHz min. 

= 1 /is max. 
tf = 0.5/is max. 

File No. 462 


2N5202 

Vcer(sus) = 75 V 

hpp = 10-100 

@ 4 A 

fj = 60 MHz min. 
t|, = 400 ns max. 
t| = 400 ns max. 

Ic = 4 A 

File No. 766 


2N6496 

Vcer(sus) = 130 V 
hpE = 12 100 
@8 A 

f-p = 60 MHz min. 

= 0.5/is max. 
t5= 1.5/is max. 
tf = 0.5/is max. 

File No. 698 




2N6500 

Vcer(sus) = 110 V 
hpp = 15-60 
@ 3 A 

fj = 60 MHz min. 
t^ = 400 ns max. 
t^ = 500 ns max. 

Ij, = 4 A 

File No. 766 

2N6354 

Vcer(sus) = 130 V 
hpp = 20-150 
@5 A 

hpg = 10-100 

@ 10 A 

f-p = 80 MHz min. 

V = 0.3/is max. 
tp = 0.2/ismax. 

Ip = 12 A peak 

File No. 582 



^ Pellet size — values shown are edge dimensions 
in mils 

** Available with free-air radiator R(9 ja = 30C/W 
t Also available with heat radiator (40375). 

" Fiat radial lead version 

CT — Complementary Type Available 
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Table XVI—Power Transistors For Output and Driver Stages in 
Audio-Frequency Linear Amplifrers 


Power 
Output 
(8 r2 Imped.) 

Bull. 

File No. 

Circuit 

No. 

Outf 

Transi 

N-P-N 

)Ut 

stors 

P-N-P 

Class E 
Tran 
N-P-N 

Driver 

sistors 

P-N-P 

Vqe Mult. 
(Bias) 

12W 

642 

A012B 
(True Comp.) 

RCA1C10 

(2N6292) 

RCA1C11 

(2N6107) 

- 

- 

- 

642 

A012D 
(iC Driving 
True Comp.) 

RCA1C10 

(2N6292) 

RCA1C11 

(2N6107) 

- 

- 

- 

25 W 

643 

A025C 

(Quasi-Comp.) 

RCA1C14 

[2] 

(2N5496) 

- 

RCA1A06 

(2N2102) 

RCA1A05 

(2N4036) 

- 

644 

A025B 

(Full-Comp.) 

RCA1C05 

(2N6292) 

RCA1C06 

(2N6107) 

RCA1A06 

(2N2102) 

RCA1A05 

(2N4036) 

- 

40 W 

645 

A040C 

(Quasi-Comp.) 

RCA1C09 

[2] 

(2N6103) 

- 

RCA1A06 

(2N2102) 

RCA1A05 

(2N4036) 

- 

646 

A040B 

(Full-Comp.) 

RCA1C07 

(2N6488) 

RCA 1 COB 
(2N6491) 

RCA1A06 

(2N2102) 

RCA1A05 

I2N4036) 

- 

791 

A040D 

(Full-Comp. 

Darlington 

Output) 

RCA1B07 

(2N6385) 

RCA1BOB 
(TA8925) 

- 

- 

RCA1A18 

(2N2102) 

70 W 

647 

A070A 
(Quasi-Comp. 
Horn. Output) 

RCA1B01 

(21 

(2N3055) 

- 

RCA1A03 

(2N5320) 

RCA1A04 

(2N5322) 

- 

648 

A070C 

(Quasi-Comp.) 

RCA1B06 

(21 

(2N5840) 

- 

RCA1C03 

(2N6474) 

RCA1A04 

(2N6476) 

RCA1A18 

(2N2102> 

120 W 

649 

A120C 
(Quasi-Comp. 
Parallel Output) 

RCA1B04 

(4) 

(2N5240) 

- 

RCA1C12 

(2N6474) 

RCA1C13 

(2N6476) 

RCA1A18 

(2N2102) 

200 W 

650 

A200C 
(Quasi-Comp. 
Parallel Output) 

RCA1B05 

(6) 

(2N5240) 

- 

RCA1B05 

12] 

(2N5240) 

- 

RCA1A18 

(2N2102) 


Numbers in brackets indicate number of devices used in the stage. 

Type numbers in parentheses indicate the transistor-family designation. 

Table XVII—Typical Power Output with 4- and 16-Ohm Load for AF 
Linear Amplifiers Listed in Table XVI 


Amplifier 

Circuit No. 

A012B 

A012D 

A025A 

A025B 

A040A 

A040B 

A040D 

A070A 

A070C 

A120C 

A200C 

Impedance - 12 
(Load) 

4 

16 

4 

B 

fl 

B 

B 

fl 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

fl 

Typical Power 
Output - W 

12* 

6.5 

9* 

6.5 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

IQ 

B 

IQ 

B 

B 

B 

Qliy 

Qj 


* Power output limited by driver-circuit capability. 
Several of these amplifiers are shown in circuits section 
of this manual. 
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High-Frequency Power 

Transistors 


P OWER transistors are used in 
high-frequency amplifiers for 
military, industrial, and consumer 
applications. They are operated class 
A, B, or C, with frequency- or am¬ 
plitude-modulation, single sideband 
or double sideband, in environments 
ranging from airborne to marine. 

The increasing number of rf 
power transistors available today 
offers the circuit designer a wide 
selection from which to determine 
the optimum type for a particular 
application. The choice is based on 
factors such as maximum power out¬ 
put, maximum operating frequency, 
operating efficiency, power gain, re¬ 
liability, and cost per watt of power 
generated. The ultimate choice of 
the transistors produced by any 
manufacturer, therefore, is depend¬ 
ent upon how well the devices per¬ 
form in relation to these critical 
factors. RCA ‘‘overlay” silicon power 
transistors offer significant advan¬ 
tages for rf power applications at 
frequencies that extend well into 
the microwave region. 

PHYSICAL DESIGN 

During the past several years, con¬ 
siderable effort has been expended 
to improve the quality and reliability 
of high-frequency power transistors 
and simultaneously to advance the 
power-frequency capability of these 
devices. The technological develop¬ 
ments that resulted from this effort 


have made possible transistor struc¬ 
tures that can provide substantial 
power output and gain and high op¬ 
erating efficiency at frequencies that 
extend well into the microwave re¬ 
gion. Such devices can now be pro¬ 
duced with confidence in high-volume 
productions for use in applications 
in which high-quality performance 
and high reliability are primary re¬ 
quirements. 

At high current levels, the emitter 
current of a transistor is concen¬ 
trated at the emitter-base edge. This 
current-crowding effect results be¬ 
cause the current flow through the 
base region, between the emitter 
and the collector, causes a voltage 
drop that produces the maximum 
forward bias at the edge of the 
emitter closest to the base contact. 
The center of the emitter, therefore, 
injects very little current. Because of 
this edge-injection phenomenon, a 
high emitter periphery-to-area ratio 
is essential to the achievement of 
high current-handling capability. 
This requirement has been a major 
factor in the evolution of transistor 
emitters from the circle type, to 
the line type, to the comb type, and 
finally to the overlay type of struc¬ 
ture. 

In addition to the requirement for 
a high emitter periphery-to-area 
ratio, power transistors intended for 
use in high-frequency applications 
must also exhibit a low capacitance 
and a short carrier transit time 
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between emitter and collector. These 
latter factors critically affect the 
frequency capabilities of the device 
and, therefore, must be considered 
in the design of a high-frequency 
transistor structure. 

Overlay Transistor Structure 

The exceptional high-frequency 
power capabilities of the overlay 
power transistors result from the 
unique emitter construction used in 
these devices. In overlay transis¬ 
tors, the size of the emitters is sub¬ 
stantially reduced, and a large num¬ 
ber (from 16 to several hundred) 
of separate emitter sites are con¬ 
nected in parallel. This method of 
construction results in the high emit¬ 
ter periphery-to-area ratios, and 
makes possible the high current¬ 
handling capabilities, low capaci¬ 
tances, and short transit times be¬ 
tween emitter and collector, that are 
required for rf power transistors. 

The overlay transistor takes its 
name from the emitter metallization, 
shown in Fig. 124, that lies over 
the base instead of adjacent to it 
as in the interdigitated structure. 


The actual base and emitter areas 
beneath the metal pattern are in¬ 
sulated from one another by a silicon 
dioxide layer. The overlay arrange¬ 
ment provides a substantial increase 
in over-all emitter periphery with¬ 
out increasing the physical area of 
the device, and thus improves the 
power-frequency capability of the 
device. 

In addition to the standard base 
and emitter diffusions, an added dif¬ 
fused region in the base serves as 
a conductor grid. This p^ region of¬ 
fers three advantages: (1) it dis¬ 
tributes base current uniformly over 
all the separate emitter sites, (2) it 
reduces the base-contact resistances 
between the aluminum metallization 
and the silicon material, and (3) it 
permits the use of larger emitter 
sites which makes possible higher 
design ratios and wider emitter 
metallizing fingers that result in 
lower current density. 

For lower-power hf/vhf and 
small-signal uhf RCA transistors, 
an interdigitated structure is used. 
In this structure, as shown in Fig. 
125, the emitters and bases are built 
like a set of interlocking combs. The 


EMITTER base 



MATERIAL 

SILICON [ I p SILICON 

n SILICON f I ALUMINUM 

SILICON OXIDE 




92CS-25742 


Fig. 124—Top and cross-sectional view of a typical overlay transistor. 


High-Frequency Power Transistors 
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sizes of the emitter and base areas 
are controlled by masking and dif¬ 
fusion. The oxide deposit, formed 
of silicon heated to a high tempera¬ 
ture, masks the transistor against 
either an n- or p-type impurity. This 
oxide is removed by the usual photo¬ 
etching techniques in areas where 
diffusion is required. 

Polycrystalline Silicon Layer 

The broad emitter fingers and the 
noncritical metal definition of the 
overlay transistor structure makes 
possible the introduction of addi¬ 
tional conducting and insulating 
layers between the aluminum metal¬ 
lization and the shallow diffused 
emitter sites that are required for 
good high-frequency performance. 
RCA has developed a technique in 
which a polycrystalline silicon layer 
(PSL) is used to separate these re¬ 


gions. Fig. 126 shows a cross- 
sectional diagram of an overlay 
transistor structure in which this 
interlayer is used. 

Use of the polycrystalline silicon 
layer between the aluminum metalli¬ 
zation and the shallow diffused emit¬ 
ter region forms an insulating 
barrier that substantially reduces 
the possibility of “alloy spikes^’ that 
result from intermetallic formations 
of silicon and aluminum under 
severe hot-spot conditions. Such 
intermetallic formations can cause 
transistor failures because of emit- 
ter-to-base shorts. 

As shown in Fig. 126, the poly¬ 
crystalline silicon layer also forms 
a barrier between the aluminum 
emitter fingers and the oxide insula¬ 
tion layer over the base. This barrier 
minimizes the possibility of dielec¬ 
tric failure, which can also lead to 
emitter-to-base shorts because of an 
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b/Ssk\ 

EMITTER ' 
^EMIJT^ER ^ALUA3T.(P.SU| 


92CS-25744 

Fig. 126 — Cross-section of an overlay transistor structure that contains the polycrystal¬ 
line silicon layer (PSL). 


interaction between the aluminum 
and the silicon dioxide. 

The addition of the polycrystalline 
silicon interlayer contributes sub¬ 
stantially to the reliability of high- 
frequency power transistors. Re¬ 
liability studies of uhf power tran¬ 
sistors operated under overstress 
conditions (i.e., at a junction tem¬ 
perature greater than 200°C) have 
demonstrated an order-of-magnitude 
improvement in the mean time be¬ 
tween failures of devices that em¬ 
ployed the PSL technique over that 
of devices in which the PSL tech¬ 
nique was not used. The PSL tech¬ 
nique, therefore, is being used in¬ 
creasingly in RCA high-frequency 
power transistors. 


Emitter-Site Ballasting 

In many RCA high-frequency 
power transistors, the PSL tech¬ 
nology is used as the medium for 
the introduction of emitter-site bal¬ 
lasting. The resistivity and contact¬ 
ing geometry of the aluminum to 
the polycrystalline silicon interlayer 
are controlled to form a ballast 
resistor in series with each emitter 
site. These resistors function as 


negative-feedback elements to pre¬ 
vent excessive current in any por¬ 
tion of the transistor and, in this 
way, minimize the possibility of hot 
spots in the device. Because the 
emitter in an overlay transistor is 
segmented into many separate sites 
connected in parallel, each hot spot 
may be isolated and controlled, and 
the injection of charge carriers 
across the transistor chip is made 
more uniform. 

Emitter-site ballasting makes pos¬ 
sible a more effective use of emitter 
periphery and, therefore, results in 
an increased transistor power-output 
capability. In addition, this ballast¬ 
ing makes high-frequency power 
transistors more immune to fail¬ 
ures caused by high VSWR condi¬ 
tions such as may be encountered in 
some broadband amplifiers. Tran¬ 
sistor failures because of high output 
VSWR conditions are often related 
to forward-bias second breakdown. 
The feedback action of the emitter 
ballasting resistor tends to minimize 
the formation of localized concentra¬ 
tion of current that is characteris¬ 
tic of forward-bias second break¬ 
down. As a result, transistors that 
employ emitter-site ballasting have 
a substantially higher capability to 
withstand high VSWR conditions. 
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High-Frequency Power Transistors 
OPERATING CHARACTERISTICS 

At rf and microwave frequencies, 
the operation of a power transistor 
is critically dependent upon the 
high-frequency capability of the de¬ 
vice. The ability of the transistor 
to provide significant power gain, 
develop useful power output, oper¬ 
ate efficiently in circuit applications, 
and operate over substantial band- 
widths, are direct functions of this 
capability. 

Output Power 

The power-output capability of a 
transistor is determined by current- 
and voltage-handling capabilities of 
the device in the frequency range 
of interest. The current-handling 
capability of the transistor is limited 
by its emitter periphery and epi¬ 
taxial-layer resistivity. The voltage¬ 
handling capability of the device is 
limited by the breakdown voltages, 
which are, in turn, limited by the 
resistivity of the epitaxial layer and 
by the penetration of the junction. 

The breakdown voltage at high 
frequencies is ^ubstar.tially higher 
than the dc or static value. In gen¬ 
eral, the breakdown characteristic 
increases from the Vceo value under 
dc conditions to a value approach¬ 
ing VcBo at a frequency f equal to 
or greater than ir." 

Another parameter that limits the 
power-handling capability of the 
transistor is the saturation voltage. 
The saturation voltage VcE(sat) at 
high frequencies is significantly 
greater than the dc value because 
the active area is smaller than at 
dc. 

In general, the operating voltage 
restrictions are the same for all 
high-frequency power transistors; 
therefore, only current-handling 
capability differentiates high-power 
transistors from lower-power units. 

At high current levels, the emitter 
current of a transistor is concen¬ 
trated at the emitter-base edge; 
therefore, transistor current-han¬ 


dling capability can be increased 
by the use of emitter geometries 
which have high emitter-periphery- 
to-emitter-area ratios and by the 
use of improved techniques in the 
growth of collector substrate ma¬ 
terial. Transistors for large-signal 
applications are designed so that the 
peak currents do not cause base 
widening which would limit the 
current-handling capability of the 
device. Base-width widening is se¬ 
vere in transistors in which the col¬ 
lector side of the collector-base 
junction has a lower carrier con¬ 
centration and higher resistivity 
than the base side of the junction. 
However, the need for low-resistivity 
material in the collector to handle 
high currents without base widen¬ 
ing severely limits the breakdown 
voltages, as discussed previously. As 
a result, the use of a different-re¬ 
sistivity epitaxial layer for different 
operating voltages is becoming com¬ 
mon. 


Power Gain 

The power gain of a high-fre¬ 
quency transistor power amplifier is 
determined by the dynamic fT, the 
dynamic input impedance, and the 
collector load impedance, which de¬ 
pends on the required power out¬ 
put and the collector voltage swing. 
The power gain, P.G., of a transis¬ 
tor power amplifier can be expressed 
as follows: 

P.G. = 

Re(Zin) 

where fx is the dynamic gain-band¬ 
width product, f is the frequency of 
operation, Rl is the real part of the 
collector parallel equivalent load 
impedance determined by the re¬ 
quired power output, and Re(Zin) 
is the real part of the dynamic input 
impedance when the collector is 
loaded with Zl. 

The above equation for power 
gain shows that for high-gain op¬ 
eration of power transistors, the de- 
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vice should have high current gain 
at the frequency of operation under 
large current swing conditions. This 
performance is achieved with shal¬ 
low diffusion techniques. 

For class B or C operation, the 
load resistance Rl is defined ap¬ 
proximately as follows: 

I. ^ XT [Vcc - VcE(sat)]^ 

^ - ^0 - 

where K is unity or less, depending 
on the class of operation. The real 
part of the dynamic input imped¬ 
ance, Re(Zin), varies considerably 
with signal level, and varies in¬ 
versely with the power output of 
the device. The package parasitic 
inductances also are important in 
determining the value of Re(Zin). 


Efficiency 

The collector efficiency of a tran¬ 
sistor amplifier is defined as the 
ratio of signal power output at the 
frequency of interest to the dc input 
power. It can be calculated as: 

TJc = Vv Vi 17 ckt 

where t/v is the efficiency of conver¬ 
sion of dc collector voltage to signal- 
frequency collector voltage (deter¬ 
mined primarily by the ratio of 
Vcc to VcE and the class of opera¬ 
tion), 7ji is the efficiency of conver¬ 
sion of dc collector current to 
signal-frequency collector current 
(determined primarily by the class 
of operation and the transit time in 
the collector depletion region for 
high-frequency transistors), and T/ckt 
is the circuit efficiency, which is de¬ 
termined by the loaded and unloaded 
Q's of the collector circuit. (The 
amplifier collector efficiency i/c, which 
is a function of both circuit and 
transistor parameters, should not 
be confused with the collector effi¬ 
ciency a*, which is a basic transistor 
parameter determined solely by the 
physical structure of the device, as 


explained in the section Low- and 
Medium-Frequency Power Transis¬ 
tors.) 

Bandwidth 

The bandwidth of a transistor 
power amplifier is determined by the 
intrinsic frequency capability of the 
transistor (directly related to fx), 
package parasitic elements, and the 
input and output matching circuits. 

SPECIAL RATING CONCEPTS 

Unlike low-frequency high-power 
transistors, many rf devices can fail 
within the dissipation limits set by 
the classical junction-to-case thermal 
resistance during operation under 
conditions of high load VSWR, high 
collector supply voltage, or linear 
(Class A or AB) operation. Failure 
can be caused by hotspotting, which 
results from local current concen¬ 
tration in the active areas of the 
device, and may appear as a long¬ 
term parameter of degradation. 
Localized hotspotting can also lead 
to catastrophic thermal runaway. 

Hot-Spot Thermal Resistance 

The presence of hotspots can 
make virtually useless the present 
method of calculating junction tem¬ 
perature by measurements of aver¬ 
age thermal resistance, case tem¬ 
perature, and power dissipation. 
However, by use of an infrared 
microscope, the spot temperature of 
a small portion of an rf transistor 
pellet can be determined accurately 
under actual or simulated device 
operating conditions. The resultant 
peak-temperature information is 
used to characterize the device ther¬ 
mally in terms of junction-to-case 
hot spot thermal resistance, ^js-c. 

The use of hotspot thermal re¬ 
sistance improves the accuracy of 
junction temperature and related 
reliability predictions, particularly 
for devices involved in linear or 
mismatch service. 
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DC Safe Area 


The safe area determined by in¬ 
frared techniques represents the 
locus of all current and voltage com¬ 
binations within the maximum rat¬ 
ings of a device that produce a spe¬ 
cified spot temperature (usually 
200°C) at a fixed case temperature. 
The shape of this safe area is very 
similar to the conventional safe area 
in that there are four regions, as 
shown in Fig. 127: constant current, 
constant power, derating power, and 
constant voltage. 



8 10 


COLLECTOR-TO-BASE VOLTAGE (V^bI-V 


92CS-25745 

Fig. 127 — Safe-area curve for an rf power 
transistor determined by infrared 
techniques. 


Regions I and IV, the constant- 
current and constant-voltage re¬ 
gions, respectively, are determined 
by the maximum collector current 
and VcEo ratings of the device. Re¬ 
gion II is dissipation-limited; in the 
classical safe area curve, this region 
is determined by the following re¬ 
lationship : 

p __ Tj(max) — Tc 

A max — - 

^J-C 


where Tc is the case temperature. 

This relationship holds true for 
the infrared safe area; Pmax may 
be slightly lower because the refer¬ 
ence temperature Tj(max) is a peak 


value rather than an average value. 
The hotspot thermal resistance 
(<9js-c) may be calculated from the 
infrared safe area by use of the 
following definition: 


where Tjs is highest spot tempera¬ 
ture [Tj(max) for the safe area] and 
P is the dissipated power (= I X 
V product in Region II). 

The collector voltage at which re¬ 
gions II and III intersect, called the 
knee voltage Vk, indicates the col¬ 
lector voltage at which power con¬ 
striction and resulting hotspot for¬ 
mation begins. For voltage levels 
above Vk, the allowable power de¬ 
creases. Region III is very similar 
to the second-breakdown region in 
the classical safe area curve except 
for magnitude. For many rf power 
transistors, the hotspot-limited re¬ 
gion can be significantly lower than 
the second-breakdown locus. Gener¬ 
ally Vk decreases as the size of the 
device is increased. 



0 10 20 30 40 50 60 70 80 

T DISTANCE ACROSS PELLET T 

1 (MILS) I 


LEFT EDGE RIGHT EDGE 

OF PELLET OF PELLET 


92CS-25746 


Fig. 128—Thermal profiles of a ballastec 
and an unballasted power transistor during 
dc operation. 


Fig. 128 shows the temperaturi 
profiles of two transistors with iden 
tical junction geometries that oper 
ate at the same dc power level. I 
devices are operated on the dissi 
pation-limited line of their classics 
safe areas, the profiles show ths 
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the temperature of the unballasted 
device rises to values 130°C in ex¬ 
cess of the 200 °C rating. Tempera¬ 
tures of this magnitude, although 
not necessarily destructive, seriously 
reduce the lifetime of the device. 

Effect of Emitter Ballasting 

The profiles shown in Fig. 128 also 
demonstrate the effectiveness of 
emitter ballasting in the reduction 
of power (current) constriction. In 
the ballasted device, a biasing resis¬ 
tor is introduced in series with each 
emitter or small groups of emitters. 
If one region draws too much cur¬ 
rent, it will be biased towards cut¬ 
off, allowing a redistribution of cur¬ 
rent to other areas of the device. 

The amount of ballasting affects 
the knee voltage, Vk, as shown in 
Pig. 129. A point of diminishing re¬ 
turns is reached as Vk approaches 
VcBO. 



TOTAL BALLASTING RESISTANCE—OHM 
92CS-25747 

Fig. 129 — Safe-area voltage for an rf 
power transistor as a function of total 
ballasting resistance. 


RF Operation 

In normal class C rf operation, the 
hotspot thermal resistance is ap¬ 
proximately equal to the classical 
average thermal resistance. If the 
proper collector loading (match) is 
maintained, djs-c is independent of 
output power at values below the 


saturated- or slumping-power level, 
and is independent of collector sup¬ 
ply voltage at values within +30 
per cent of the recommended oper¬ 
ating level. 

Power constriction in rf service 
normally occurs only for collector 
load VSWR’s greater than 1.0. A 
transistor that has a mismatched 
load experiences temperatures far in 
excess of device ratings, as shown 
in Fig. 130(a) for VSWR = 3.0. 
For comparison, the temperature 
profile for the matched condition is 
shown in Fig. 130(b). 
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92CS-25748 

Fig. 130—Thermal profile of a power 
transistor during rf operation: (a) under 
mismatched conditions; (b) under matched 
conditions. 

Fig. 131 is a typical family of 
thermal-resistance curves that indi¬ 
cate the response of a device to vari¬ 
ous levels of VSWR and collector 
supply voltage, ^js-c responds to 
even slight increases in VSWR 
above 1.0 and saturates at a VSWR 
in the range of 3 to 6. The saturated 
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92CS-25749 

Fig. 131 — Mismatch-stress thermal char¬ 
acteristics for the 2N5071. 

level increases with increasing sup¬ 
ply voltage. Devices with high knee 
voltages tend to show smaller 
changes of ^js-c with VSWR and 
supply voltage, ^js-c under mismatch 
is independent of frequency and 
power level, and reaches its highest 
values at load angles that produce 
maximum collector current. Power 
level does, however, influence the 
temperature rise and probability of 
failure. 

Device failure can also occur at 
a load angle that produces minimum 
collector current. Under this con¬ 
dition, collector voltage swing is 
near its maximum, and an avalanche 
breakdown can result. This mechan¬ 
ism is sensitive to frequency and 
power level, and becomes predomi¬ 
nant at lower frequencies because 
of the decreasing rf-breakdown 
capability of the device. 

Collector mismatch can be caused 
by the following conditions: 

1. Antenna loading changes in 
mobile applications when the vehicle 
passes near a metallic structure. 

2. Antenna damage. 

3. Transmission-line failure be¬ 
cause of line, connector, or switch 
defects. 

4. Variable loading caused by non¬ 
linear input characteristics of a 
following transistor (particularly 
broadband) or varactor stage. 


5. Supply-voltage changes that re¬ 
flect different load-line requirements 
in class C. 

6. Tolerance variations in fixed- 
tuned or stripline circuits. 

7. Matching network variations in 
broadband service. 

Case-Temperature Effects 

The thermal resistance of both 
silicon and beryllium oxide, two ma¬ 
terials that are commonly used in 
rf power transistors, increases 
about 70 per cent as the tempera¬ 
ture increases from 25 to 200°C. 
Other package materials such as 
steel, kovar, copper, or silver, ex¬ 
hibit only minor increases in ther¬ 
mal resistance (about 5 per cent). 
The over-all increase in ^js-c of a 
device depends on the relative 
amounts of these materials used in 
the thermal path of the device; typi¬ 
cally the increase of ^js-c ranges 
from 5 per cent to 70 per cent. Fig. 
132 shows the rf and dc thermal 



Fig. 132 — Thermal-resistance coefficient 
for the 2N5071. 


resistance coefficients for a typical 
rf transistor. For both cases, the 
coefficient is referenced to a 100 ®C 
case and is defined as follows: 


K ^100 


^JS-C 

^js-c at Tc = 100°C 
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The rf coefficient changes more 
than the dc coefficient, because of 
the power constriction that occurs in 
rf operation at elevated case tem¬ 
perature. 

RELIABILITY 

CONSIDERATIONS 

When the rf and thermal capabili¬ 
ties of a transistor have been es¬ 
tablished, the next step is to estab¬ 
lish the reliability of the device for 
its actual application. The typical 
acceptable failure rate for transis¬ 
tors used in commercial equipment 
is 1 per cent per 1000 hours (100,000 
hours MTBF); for transistors used 
in military and high-reliability 
equipment, it is 0.01 to 0.1 per cent 
per 1000 hours. Because it is not 
practical to test transistors under 
actual use conditions, dc or other 
stress tests are normally used to 
simulate rf stresses encountered in 
class B or class C circuits at the 
operating frequencies. Information 
derived from these tests is then used 
to predict the failure rate for the 
end-use equipment. The tests used 
to assure reliability include high- 
temperature storage tests, dc and 
rf operating life tests, dc stress step 
tests, burn-in, temperature cycling, 
relative humidity, and high-humidity 
reverse bias. The end-point measure¬ 
ment for these tests should include 
collector-to-emitter voltage Vceo and 
emitter-to-base voltage Vebo in addi¬ 
tion to the common end-point collec- 
tor-to-emitter current Iceo, collector- 
to-base voltage Vcbo, collector-to- 
emitter saturation voltage VcE(sat), 
power output, and power gain. 

One of the common failure modes 
in rf power transistors is degrada¬ 
tion of the emitter-to-base junction. 
The high-temperature storage life 
test and the dc and rf operating life 
tests can accelerate this failure 
mode, and it can be detected by 
measurement of Vebo. 

Plastic uhf power transistors are 
more sensitive to emitter-to-base- 
junction degradation than similar 


hermetic devices. The enhancement 
of this failure mode in plastic de¬ 
vices can be caused by moisture 
penetration into the very close 
geometries used in uhf power tran¬ 
sistors. Thermal fatigue is also a 
problem that affects the reliability 
of uhf plastic power transistors, be¬ 
cause large thermal-expansion dif¬ 
ferences exist between the plastic 
encapsulant and the fine bonding 
wires (usually 1 mil) used in the 
devices. 

PACKAGES 

The package is an integral part 
of an rf power transistor. A suitable 
package for rf applications should 
have good thermal properties and 
low parasitic reactances. Package 
parasitic inductances and resistive 
losses have significant effects on 
such circuit performance charac¬ 
teristics as power gain, bandwidth, 
and stability. The most critical para- 
sitics are the emitter and base lead 
inductances. Table XVIII gives the 
inductances of some of the more im¬ 
portant commercially available rf 
power-transistor packages. Photo¬ 
graphs of the packages are shown 
in Fig. 133. The TO-60 and TO-39 
packages were first used in devices 
such as the 2N3375 and the 2N3866. 
The base and emitter parasitic in¬ 
ductance for both TO-60 and TO-39 
packages is in the order of 3 nano¬ 
henries; this inductance represents 
a reactance of 7.5 ohms at 400 MHz. 
If the emitter is grounded intern¬ 
ally in a TO-60 package (as in the 
RCA-2N5016), the emitter lead in¬ 
ductance is reduced to 0.6 nano¬ 
henry. 

Hermetic low-inductance radial- 
lead packages are also available. 
The HF-19 package introduced by 
RCA for the 2N5919 utilizes 
ceramic-to-metal hermetic seals, has 
isolated electrodes, and has rf per¬ 
formance comparable to an rf plas¬ 
tic package. This package is also 
available in a studless version (HF- 
31) for miniaturized or low-power 
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TO-217AA 


TO-215AA 


TO-201A 


Fig. 133—Packages for RCA rf and microwave power transistors. 
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Table XVIII—Summary of RCA Packages for RF Power Tjansistors 


PACKAGE 

APPROXIMATE 

INDUCTANCE 

(nH) 

UPPER FREQUENCY 
OF OPERATION 

(MHz) 

TO-39 

3 

500 

TO-60 (isolated emitter) 

3 

400 

TO-60 (internally grounded emitter) 

0.6 

500 

UHF HERMETIC STRIPLINE 

HF-19 (STUD) = JEDEC T0-216AA 

0.5 

lUUU 

HF-31 = STUDLESS JEDEC T0-216AA 

0.5 

1000 

HF-32 (FLANGED) 

0.5 

1000 

MICROWAVE 

HERMETIC STRIPLINE 

HF-28 (FLANGED) 

0.2 

2500 

COAXIAL HERMETIC 

HF-11 = JEDEC T0-215AA 

0.1 

3UUU 

HF-21 = JEDEC TO-201AA 

0.2 

2500 


applications, and in a grounded- 
emitter flanged version (HF-32) for 
compact applications. 

Low-parastic hermetic packages 
are available for microwave appli¬ 
cations. The HF-11, a medium- 
power hermetic coaxial package 
first used for the RCA-2N5470, em¬ 
ploys ceramic-to-metal construction 
and has parasitic inductances in the 
order of 0.1 nanohenry. A larger, 
higher-power version, the HF-21, 
uses the same constructional tech¬ 
niques and has parasitic inductances 
in the range of 0.2 nanohenry. The 
stripline equivalent of this package 
is the HF-28 and has approximately 
the same parasitic reactances as the 
HF-21. 

Table XIX compares the perform¬ 
ance of the TO-39 package, the 
HF-19 hermetic stripline package, 
and the HF-11 coaxial package with 
the same transistor chip. At a fre¬ 
quency of 1 GHz and an input power 
of 0.3 watt, the coaxial package per¬ 


forms significantly better than 
either the stripline or the TO-39 
package. The coaxial package re¬ 
sults in twice as much output power 
as the TO-39 package. In addition, 
the coaxial-package transistor is 
capable of delivering an output of 
more than 1 watt with a gain of 
5 dB at 2 GHz. 


RCA RF AND MICROWAVE 
POWER TRANSISTORS 

Transistors that can generate tens 
of watts of power output at fre¬ 
quencies up to and beyond 2.3 GHz 
are finding applications in a wide 
variety of new equipment designs. 
Some of the major applications for 
these new transistors are in the fol¬ 
lowing types of equipment: 

1. Telemetry 

2. Microwave relay links 

3. Microwave communications 


Table XIX—Package Performance with Same Transistor Chip 



f-GHz 

Pln-W 

Po-W 

P.G.-dB 

t 7 c( 28 V)-% 

TO-39 

1 

0.3 

1 

5 

35 

HF-19 

1 

0.3 

1.5 

7 

45 

HF-11 

1 

0.3 

2.2 

8.6 

50 

HF-11 

2 

0.3 

1 

5 

35 
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4. Phased-array radars 

5. Mobile radio and radio-tele¬ 
phones 

6. Navigational-aid systems 
(DME, Collision Avoidance, 
TACAN) 

7. Electronic countermeasures 
(ECM) 

8. Microwave power sources and 
instrumentation 

9. Intrusion-alarm systems 


In such equipment, transistors offer 
the advantages of simplified circui¬ 
try, wide bandwidths, and improved 


reliability, together with reduced 
size and weight. 

The selection of the proper tran¬ 
sistor for a specific application is 
determined by the required power 
output, gain, and circuit preference. 
As shown in Table XX, RCA offers 
the circuit designer a wide variety 
of rf and microwave power tran¬ 
sistors from which to choose the 
optimum type for a particular ap¬ 
plication. The selection charts in 
Figs. 134, 135, and 136 show the 
power-frequency capabilities, sup¬ 
ply-voltage options, and typical ap¬ 
plications of these devices. 


Table XX—RCA RF and Microwave Power Transistors 


Type 

Package 

Type 

Collector- 
Supply 
Voltage (V) 

Frequency 

(MHz) 

Min. Output 
Power (W) 
or Noise 
Figure (dB) 

Type 

o , Collector- 

® Supply 

VoltagelV) 

Frequency 

(MHz) 

Min. Output 
Power (W) 
or Noise 
Figure (dB) 

2N918 

TO-72 

6-15(Vc£) 

60 

NF = 6 

2N5179 

TO-72 

6(Vce) 

200 

NF = 4.5 

2N1491 

TO-5 

20 

70 

0.01 

2N5180 

TO-72 

lOIVnp) 

200 

NF = 4.5 

2N1492 

TO-5 

30 

70 

0.1 

2N5470 

TO-215AA 

28 

2000 

1 

2N1493 

TO-5 

50 

70 

0.5 

2N5913 

TO-39 

12 

470 

2 

2N2631 

TO-39 

28 

50 

7.5 

2N5914 

TO-216AA 

12 

470 

2 

2N2857 

TO-72 

6-15(Vce) 

450 

NF = 4.5 

2N5915 

TO-216AA 

12 

470 

6 

2N2876 

TO-60 

28 

50 

10 

2N5916 

TO-216AA 

28 

400 

2 

2N3118 

TO-5 

28 

50 

1 

2N591 7 

HF-31 

28 

400 

2 

2N3119 

TO-5 

28 

50 

1 

2N5918 

TO-216AA 

28 

400 

10 

2N3229 

TO-60 

50 

50 

15 

2N5919A TO-216AA 

28 

400 

16 

2N3262 

TO-39 

(High-speed switching) 

2N6269 

HF-28 

22 

2300 

6.5 

2N3375 

TO-60 

28 

400 

3 

2N6389 

TO-72 

10 

890 

NF = 6 

2N3478 

TO-72 

6-15(Vce) 

200 

NF = 4.5 

2N6390 

HF-46 

28 

2000 

3 

2N3553 

TO-39 

28 

175 

2.5 

2N6391 

HF-46 

28 

2000 

5 

2N3600 

TO-72 

6-15 (Vq^) 

200 

NF - 4.5 

2N6392 

HF-46 

28 

2000 

10 

2N3632 

TO-60 

28 

175 

13.5 

2N5920 

TO-215AA 

28 

2000 

2 

2N3733 

TO-60 

28 

400 

10 

2N5921 

TO-201 AA 

28 

2000 

5 

2N3839 

TO-72 

6-1 5(V{^e} 

450 

NF = 3.9 

2N5995 

TO-216AA 

12.5 

175 

7 

2N3866 

TO-39 

28 

400 

1 

2N6093 

TO-217AA 

28 

30 

75 (PEP) 

2N4012 

TO-60 

28 

1000 

(triplet) 

2.5 

2N6104 

HF-32 

28 

400 

30 

2N4427 

TO-39 

12 

175 

1 

2N6105 

TO-216AA 

28 

400 

30 

2N4440 

TO-60 

28 

400 

5 

2N6265 

HF-28 

28 

2000 

2 

2N4932 

TO-60 

13.5 

88 

12 

2N6266 

HF-28 

28 

2000 

5 

2IM4933 

TO-60 

24 

88 

20 

2N6267 

HF-28 

28 

2000 

10 

2N5016 

TO-60 

28 

400 

15 

2N6268 

HF-28 

22 

2300 

2 

2N5070 

TO-^ 

28 

30 

25 (PEP) 

2N6393 

HF-46 

28 

2000 

10 

2N5071 

TO-60 

24 

76 

24 

40080 

TO-5 

12 

27 

0.1 

2N5090 

TO-60 

28 

400 

1.2 

40081 

TO-5 

12 

27 

0.4 

2N5102 

TO-60 

24 

136 

15 

40082 

TO-39 

12 

27 

3 

2N5109 

TO-39 

15 

200 

NF = 3 

40280 

TO-39 

13.5 

175 

1 
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Table XX—RCA RF and Microwave Power Transistors (cont’d) 


Type 

Package Co"""' 
Tvoe 

Voltage IV) 

Frequency 

(MHz) 

Min. Output 
Power (W) 
or Noise 
Figure (dB) 

Type 

Package 

Type 

Col lector- 
Supply 
Voltage (V) 

Frequency 

(MHz) 

Min. Output 
Power (W) 
or Noise 
Figure (dB) 

40281 

TO-60 

13.5 

175 

4 

40967 

HF-44 

12.5 

470 

2 

40282 

TO-60 

13.5 

175 

12 

40968 

HF-44 

12.5 

470 

6 

40290 

TO-39 

12.5 

135 

2 

40972 

TO-39 

12.5 

175 

1.75 

40291 

TO-60 

12.5 

135 

2 

40973 

HF-44 

12.5 

175 

10 

40292 

TO-60 

12.5 

135 

6 

40974 

HF-44 

12.5 

175 

25 

40340 

TO-60 

13.5 

50 

25 

40975 

TO-39 

12.5 

118 

0.05 

40341 

TO-60 

24 

50 

30 

40976 

TO-39 

12.5 

118 

0.5 

40446 

TO-39 + flange 

12 

27 

3 

40977 

HF-44 

12.5 

118 

6 

40581 

TO-39 

12 

27 

3.5 

41008 

HF-47 

9 

470 

0.5 

40582 

TO-39 + flange 

12 

27 

3.5 

41008A 

HF-41 

9 

470 

0.5 

40608 

TO-39 

15 

200 

NF = 3 

41009 

HF-47 

9 

470 

2 

40637A 

TO-18 

12 

175 

0.1 

41009A 

HF-41 

9 

470 

2 

40665 

TO-60 

28 

175 

13.5 

41010 

HF^I 

9 

470 

5 

40666 

TO-60 

28 

400 

3 

41024 

TO-39 

28 

1000 

1 

40836 

TO-215AA 

21 

2000 

0.5 

41025 

HF-41 

28 

1000 

3 

40837 

TO-215AA 

28 

2000 

1.5 

41026 

HF-41 

28 

1000 

10 

40894 

TO-72 

12 

200 

rf amp 

41027 

HF-41 

22 

1000 

3 

40895 

TO-72 

12 

200 

mixer 

41028 

HF41 

22 

1000 

10 

40896 

TO-72 

12 

200 

osc 

41038 

TO-46 

20 

1680 

0.75 

40897 

TO-72 

12 

10.7 

if amp 

41039 

TO-39 

15(Vce) 

200 

NF = 3.2 

40898 

TO-215AA 

22 

2300 

2 

RCA2001 

HF-46 

28 

2000 

1 

40899 

TO-201 AA 

22 

2300 

6 

RCA2003 HF-46 

28 

2000 

2.5 

40909 

TO-201AA 

25 

2000 

2 

RCA2005 HF-46 

28 

2000 

5 

40915 

TO-72 

10 

450 

NF = 2.5 

RCA2010 HF-46 

28 

2000 

10 

40936 

TO-60 

28 

30 

20 (PEP) 

RCA3001 

HF-46 

28 

3000 

1 

40953 

TO-39 

12.5 

156 

1.75 

RCA3003 HF-46 

28 

3000 

2.5 

40954 

HF^4 

12.5 

156 

10 

RCA3005 HF^6 

28 

3000 

4.5 

40955 

HF-44 

12.5 

156 

25 






40964 

TO-39 

12 

470 

0.4 






40965 

TO-39 

12 

470 

0.5 







High-reliability versions of many of these JEDEC and RCA types can be obtained. Such 
devices are listed and described in the RCA DATABOOK Series SSD-207, “High-Reliability 
Solid-State Devices.” 
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Fig. 134—RF power transistors for operation from a supply voltage of 9 or 12.5 volts. 
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135—RF power transistors for operation from a supply voltage of 22 or 28 volts. 







TYPICAL OUTPUT POWER 


High-Frequency Power Transistors 


135 



FREQUENCY - MHz 

2 30 50 300 470 890 



RADIO 


92CM-24934 


Fig. 136—RF power transistors for operation from a supply voltage of 28 or 50 volts. 
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MOS Field-Effect Transistors 
(MOS/FET’s) 


M etal - oxide - semicon¬ 
ductor (MOS) field-effect 

transistors represent a unique and 
important category of solid-state de¬ 
vices. In comparison to bipolar tran¬ 
sistors, these devices exhibit a very 
high input impedance and can 
handle a very wide dynamic range 
of input signals. In addition, MOS 
transistors can provide a square-law 
transfer characteristic that is es¬ 
pecially desirable for amplification 
of multiple signals in rf amplifiers 
that are required to exhibit excep¬ 
tionally low cross-modulation ef¬ 
fects. The enhancement type of 
MOS field-effect transistor, which 
is essentially a normally open 
switch is also ideal for switching 
applications (e.g., digital circuits). 

In this section, the main emphasis 
is placed on the depletion type of 
metal-oxide-semiconductor field-ef¬ 
fect transistors, which are becom¬ 
ing increasily popular in electronic- 
circuit applications, particularly in 
receiver rf-amplifier and mixer cir¬ 
cuits. The fabrication, electrical 
characteristics, biasing, and basic 
circuit configurations of these de¬ 
vices are discussed, and the integral 
gate-protection system developed for 
dual-gate types is explained. Fig. 
137 shows a chart that lists the 
variety of MOS transistors avail¬ 
able from RCA and indicates typical 


applications, performance features, 
and package type for these devices. 
Detailed ratings and characteristics 
data on them are given in the RCA 
technical data bulletins. The data 
bulletin File Nos. are listed in the 
chart below the device type numbers. 


FABRICATION 

The fabrication techniques used to 
produce MOS transistors are similar 
to those used for modern high-speed 
silicon bipolar transistors. The start¬ 
ing material for an n-channel tran¬ 
sistor is a lightly doped p-type 
silicon wafer. (Reversal of p-type 
and n-type materials referred to in 
this description produces a p-chan- 
nel transistor.) After the wafer is 
polished on one side and oxidized in 
a furnace, photolithographic tech¬ 
niques are used to etch away the 
oxide coating and expose bare sili¬ 
con in the source and drain regions. 
The source and drain regions are 
then formed by diffusion in a furnace 
containing an n-type impurity (such 
as phosphorus). If the transistor is 
to be an enhancement-type device, 
no channel diffusion is required. If 
a depletion-type transistor is de¬ 
sired, an n-type channel is formed 
to bridge the space between the dif¬ 
fused source and drain. 
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Industrial Types 

Consumer Types 
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All MOS/FET devices are supplied m the JEDEC TO-72 package 


Fig. 137—MOS field-effect (MOS/FET) devices product-classification chart. 


The wafer is then oxidized again 
to cover the bare silicon regions, 
and a second photolithographic and 
etching step is performed to remove 
the oxide in the contact regions. 
After metal is evaporated over the 
entire wafer, another photolitho¬ 
graphic and etching step removes all 
metal not needed for the ohmic con¬ 
tacts to the source, drain, and gate. 
The individual transistor chips are 
then mechanically separated and 
mounted on individual headers, con¬ 
nector wires are bonded to the metal- 
ized regions, and each unit is her¬ 
metically sealed in its case in an 
inert atmosphere. After testing, the 
external leads of each device are 
physically shorted together to pre¬ 
vent electrostatic damage to the 
gate insulation during branding and 
shipping. 

GATE PROTECTION 

One of the most frequent prob¬ 
lems encountered during the handling 
and testing of early MOS/FET’s 
was puncture-failure of the oxide 


under the metal-gate electrode. The 
breakdown voltage of the gate-oxide 
is generally in the order of 100 volts, 
and the dc resistance is in the order 
of 10^^ ohms. Because of the ex¬ 
tremely high resistance of the gate 
oxide, even a very-low-energy source 
(such as static charge) can have 
sufficient potential available to punc¬ 
ture the oxide because to the impo¬ 
sition of an over-voltage stress. A 
single voltage excursion to the 
breakdown limit can impart suffi¬ 
cient gate-oxide damage (and/or 
leakage) to adversely effect device 
operation. Although this problem ex¬ 
isted most frequently during han¬ 
dling and testing of devices prior 
to their installation in a circuit (be¬ 
cause normal circuit impedances and 
voltages make damage of this nature 
less likely), a solution to the prob¬ 
lem was necessary to reduce failure 
of the MOS/FET during shipping, 
handling, and assembly into equip¬ 
ment. 

The earliest method of gate-oxide 
protection evolved was the technique 
in which the device manufacturer 
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provided means to physically short 
all of the device leads into poten¬ 
tials between the electrodes of the 
device. Fig. 138 shows a photograph 
of a commonly used method in which 
a spiral shorting-spring intercon¬ 
nects the leads during shipping, 
handling, and assembly. The short¬ 
ing-spring is not removed until the 
device has been safely soldered into 
the circuit. This method of protec¬ 
tion continues to be used with de¬ 
vices having so-called ‘^unprotected 
gates,” (e.g., like the devices shown 
in Figs. 34 and 35). 



Fig. 138—Illustration shows shorting spring 
for RCA MGS field-effect transistors that 
do not contain the integral gate protection. 
(Spring should not be removed until after 
the device is soldered into circuit). 

Dual-Gate MOS/FET with 
Integrated Gate-Protection 

With the advent of IC fabrication 
technology, a new class of dual-gate 
MOS/FET that features integrated 
gate protection was introduced. This 
class of MOS/FET does not require 
the use of the shorting-spring de¬ 
scribed above; consequently, the 
MOS/FET has become a more uni¬ 
versally applicable device. 

In devices that include this sys¬ 
tem, a set of back-to-back diodes 
is diffused directly into the semi¬ 
conductor pellet and connected be¬ 
tween each insulated gate and the 


source. (The low junction capaci¬ 
tance of the small diodes represents 
a relatively insignificant addition to 
the total capacitance that shunts the 
gate.) Fig. 139 shows a cross-sec¬ 
tional diagram and the schematic 
symbol for an n-channel dual-gate- 
protected depletion-type MOS field- 
effect transistor. 

The back-to-back diodes do not 
conduct unless the gate-to-source 
voltage exceeds ±10 volts typically. 
The transistor, therefore, can handle 
a very wide dynamic signal swing 
without significant conductive shunt¬ 
ing effects by the diodes (leakage 
through the “nonconductive” diodes 
is very low). If the potential on 
either gate exceeds +10 volts typi¬ 
cally, the upper diode [shown in Fig. 
139(b)] of the pair associated with 
that particular gate becomes con¬ 
ductive in the forward direction and 
the lower diode breaks down in the 
backward (zener) direction. In this 
way, the back-to-back diode pair 
provides a path to shunt excessive 
positive charge from the gate to the 
source. Similarly, if the potential on 
either gate exceeds —10 volts typi¬ 
cally, the lower diode becomes con¬ 
ductive in the forward direction and 
the upper diode breaks down in the 
reverse direction to provide a shunt 
path for excessive negative charge 
from the gate to the source. (The 
diode gate-protection technique is 
described in more detail in the fol¬ 
lowing section on Integral Gate 
Protection). 

Dual-gate-protected MOS transis¬ 
tors can be connected so that func¬ 
tionally they are directly equivalent 
to a single-gate type with gate pro¬ 
tection. This method of connection is 
shown in Fig. 140. 

Integral Gate-Protection 

The advent of an integral sys¬ 
tem of gate-protection in MOS field- 
effect transistors has resulted in a 
class of solid-state devices that ex¬ 
hibits ruggedness on a par with 
other solid-state devices that pro¬ 
vide comparable performance. An 
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GATE-PROTECTION GATE-PROTECTION 

DIODES DIODES 

(a) 



Fig. 139 — Dual-gate-protected n-channel depletion-type MOS field-effect transistor: (a) 
sideview cross section; (b) schematic symbol. 



92CS-25752 

Fig. 140—Connection of a dual-gate-protected MOS field-effect transistor (a) so 
that it is functionally equivalent to a single-gate-protected MOS field-effect transis¬ 
tor (b). 
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integral gate-protection system of¬ 
fers protection against static dis¬ 
charge during handling operations 
without the need for external short¬ 
ing mechanisms. This system also 
guards against potential damage 
from in-circuit transients. Because 
the integral gate-protection system 
has provided a major impact on the 
acceptability of MOS field-effect 
transistors for a broad spectrum of 
applications, it is pertinent to ex¬ 
amine the rudiments of this system. 

Fig. 141 shows a simple equivalent 
circuit for a source of static elec¬ 
tricity that can deliver a potential 
eo to the gate input of an MOS 



92CS-25753 

Fig. 141—Equivalent circuit for a source 
of static electricity. 

transistor. The static potential Es 
stored in an “equivalent’^ capacitor 
Cl) must be discharged through an 
internal generator resistance Rs. 
Laboratory experiments indicate 
that the human body acts as a static 
(storage) source with a capacitance 
Cd ranging from 100 to 200 pico¬ 
farads and a resistance Rs greater 
than 1000 ohms. Although the upper 
limits of accumulated static voltage 
can be very high, measurements sug¬ 
gest that the potential stored by the 
human body is usually less than 
1000 volts. Experience has also in¬ 
dicated that the likelihood of dam¬ 
age to an MOS transistor as a result 
of static discharge is greater dur¬ 
ing handling than when the device 
is installed in a typical circuit. In 
an rf application, for example, static 
potential discharged into the an¬ 
tenna must traverse an input circuit 
that normally provides a large de¬ 
gree of attenuation to the static 
surge before it appears at the gate 
terminal of the MOS transistor. The 


ideal gate-protection signal-limiting 
circuit is a configuration that allows 
for a signal, such as that shown in 
Fig. 142(a), to be handled without 
clipping or distortion, but limits the 
amplitude of all transients that ex¬ 
ceed a safe operating level, as shown 
in Fig. 142(b). An arrangement of 
back-to-back diodes, shown in Fig. 
142(c), meets these requirements for 
protection of the gate insulation in 
MOS transistors. 



(a) PASS THIS SIGNAL (b) CLIP THE PEAKS 


GREATER THAN 
(+) AND (-) IN 
AMPLITUDE 


(c)BACK-TO-BACK DIODES PROTECT 
GATE INSULATION 

92CS-25754 

Fig. 142—MOS gate-protection require¬ 
ments and a solution. 

Ideally, the transfer characteris¬ 
tic of the protective signal-limiting 
diodes should have an infinite slope 
at limiting, as shown in Fig. 143(a). 
Under these conditions, the static 
potential across Cd in Fig. 143(b) 
discharges through its internal im¬ 
pedance Rs into the load represented 
by the signal-limiting diodes. The 
ideal signal-limiting diodes, which 
have an infinite transfer slope, would 
then limit the voltage present at the 
gate terminal to its knee value, ed. 
The difference voltage es appears as 
an IR drop across the internal imped¬ 
ance of the source Rs, i.e., es == E, — 
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(b) 


92CS-25755 

Fig. 143—Transfer characteristic of protec¬ 
tive diodes (a), and resulting waveforms in 
equivalent circuit (b). 

ed where Es is the potential in the 
source of static electricity and ed is 
the diode voltage drop. The instan¬ 
taneous value of the diode current is 
then equal to eJRs. During physical 
handling, practical peak values of 
currents produced by static-electric¬ 
ity discharges range from several 
milliamperes to several hundred mil- 
liamperes. 

Fig. 144 shows a typical transfer 
characteristic curve measured on a 
typical set of back-to-back diodes 
used to protect the gate insulation 
in an MOS field-effect transistor that 
is nominally rated for a gate-to- 
source breakdown voltage of 20 volts. 
The transfer-characteristic curves 
show that the diodes will constrain 
a transient impulse to potential val¬ 
ues well below the ±20 volt limit, 
even when the source of the tran¬ 
sient surge is capable of delivering 
several hundred milliamperes of cur¬ 
rent. (These data were measured 
with 1-microsceond pulses applied 
to the protected gate at a duty- 
factor of 4 X 10"®). 


_j 

< CO 
ZUJ 
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Fig. 144—Typical diode transfer character¬ 
istic measured with 1-microsecond pulse 
width at a duty factor of 4 x 10'*. 

ELECTRICAL 

CHARACTERISTICS 

The basic current-voltage relation¬ 
ship for an MOS transistor is shown 
in Fig. 145. With a constant gate-to- 
source voltage (e.g., Vos = 0), the 
resistance of the channel is essen¬ 
tially constant, and current varies 
directly with drain-to-source voltage 
(Vds), as illustrated in region A-B. 
The flow of drain current (Id) pro¬ 
duces an IR drop along the channel. 
The polarity of this drop is such as 
to oppose the field produced within 
the gate oxide by the gate bias. As 
the drain voltage is increased, a 
point is reached at which the IR 
drop becomes sufficiently high so that 
the capability of the gate field to 
attract enough carriers into the 
channel to sustain a higher drain- 
current is nullified. When this con¬ 
dition occurs (in the proximity of 
point B in Fig. 145), the channel is 
essentially depleted of carriers (i.e., 
becomes “constricted”), and drain 
current increases very much more 
slowly with further increases in 
drain-to-source voltage Vds. This 
condition leads to the description of 
region B-C as the “pinch-off” region 
because the channel “pinches off” 
and the drain current (Ids) tends to 
saturate at a constant value. Beyond 
point C, the transistor enters the 
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DRAIN-TO-SOURCE VOLTAGE (Vqs) 

92CS-25757 

Fig. 145—Basic current-voltage relationship 
for an MOS transistor. 

“breakdown’^ region (also known as 
the ^‘punch-through^’ region), in 
which unrestricted current flow and 
damage to the transistor result if 
current flow is not limited by the 
external circuit. 

MOS transistors are especially 
useful in high-impedance voltage 
ampliflers when they are operated 
in the “pinch-off” region. The direct 
variation in their channel resistance 
(Region A-B in Fig. 145) makes 
them very attractive for use in 
voltage-controlled resistor applica¬ 
tions, such as the chopper circuits 
used in connection with some types 
of dc amplifiers. 

Typical output characteristic 
curves for n-channel MOS transistors 
are shown in Fig. 146. The resem¬ 
blance of these curves to the basic 
curve shown in Fig. 145 should be 
noted. (For p-channel transistors, 
the polarity of the voltages and the 
direction of the current are re¬ 
versed.) Typical transfer character¬ 
istics for n-channel single-gate 
MOS transistors are shown in Fig. 
147. (Again, voltage polarities and 
current direction would be reversed 
for p-channel devices.) The threshold 
voltage (Vth) shown in connection 
with the enhancement-type transis¬ 
tor illustrates the “normally-open” 
source-drain characteristic of the 
device. In these transistors, conduc¬ 
tion does not begin until Vgs is in- 




DRAIN-TO-SOURCE VOLTAGE ( Vqs) 
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Fig. 146—Typical output-characteristic 
curves for n-channel MOS transistors. 

creased to a particular value. Fig. 
148 shows typical drain-current 
curves for a dual-gate device as a 
function of gate No. 1-to-source 
voltage for several values of gate 
No. 2-to-source voltage. 

GENERAL CIRCUIT 
CONFIGURATIONS 

There are three basic single-stage 
amplifier configurations for MOS 
transistors: common-source, com¬ 
mon-gate, and common-drain. Each 
of these configurations provides cer¬ 
tain advantages in particular appli¬ 
cations. 

The common-source arrangement 
shown in Fig. 149 is most frequently 
used. This configuration provides a 
high input impedance, medium to 
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Fig. 147—Typical transfer characteristics 
for n-channel MOS transistors. 
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Fig. 149—Basic common-source circuit for 

MOS field-effect transistors, 

voltage gain without feedback, A, 
for the common-source circuit may 
be determined as follows: 

A - g'- 

r„. -f- R,. 

where gfs is the gate-to-drain for¬ 
ward transconductance of the tran¬ 
sistor, ros is the common-source 
output resistance, and Rl is the ef¬ 
fective load resistance. The addition 
of an unbypassed source resistor to 
the circuit of Fig. 149 produces nega¬ 
tive voltage feedback proportional 
to the output current. The voltage 
gain with feedback. A', for a com¬ 
mon-source circuit is given by 

_ gfs ro s Rl _ 

ros + (gfs ros + 1) Rs + Rl 

where Rs is the total unbypassed 
source resistance in series with the 
source terminal. The common-source 
output impedance with feedback, Zo, 
is increased by the unbypassed 
source resistor as follows: 

Zo = ros + (gfs ros -f 1) Rs 

The common-drain arrangement, 
shown in Fig. 150, is also fre¬ 
quently referred to as a source-fol- 


92CS-25760 

Fig. 148—Drain current of a dual-gate 
MOS transistor as a function of gate-No. 
1-to-source voltage for several values of 
gate-No, 2-to-source voltage. 

high output impedance, and voltage 
gain greater than unity. The input 
signal is applied between gate and 
source, and the output signal is 
taken between drain and source. The 



92CS-2576I 


Fig. 150—Basic common-drain (or source- 
follower) circuit for MOS transistors. 
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lower. In this configuration, the in¬ 
put impedance is higher than in the 
common-source configuration, the 
output impedance is low, there is no 
polarity reversal between input and 
output, the voltage gain is always 
less than unity, and distortion is 
low. The source-follower is used in 
applications which require reduced 
input-circuit capacitance, down¬ 
ward impedance transformation, or 
increased input-signal-handling ca¬ 
pability. The input signal is effec¬ 
tively injected between gate and 
drain, and the output is taken be¬ 
tween source and drain. The circuit 
inherently has 100-per-cent negative 
voltage feedback; its gain A' is 
given by 


A' = 


Rs 


+ 1 


Rs + 


gfs 


Because the amplification factor (/u,) 
of an MOS transistor is usually much 
greater than unity, the equation for 
gain in the source-follower can be 
simplified as follows: 


_ gt. Rs 

1 + gfs Rs 

For example, if it is assumed that 
the gate-to-drain forward transcon¬ 
ductance gfs is 2000 micromhos 
(2 X 10"* mho) and the unbypassed 
source resistance Rs is 500 ohms, 
the stage gain A' is 0.5. If the same 
source resistance is used with a 
transistor having a transconductance 
of 10,000 micromhos (lx 10"^ mho), 
the stage gain increases to 0.83. 

When the resistor Rg is returned 
to ground, as shown in Fig. 150, the 
input resistance Ri of the source- 
follower is equal to Rg. If Rg is re¬ 
turned to the source terminal, how¬ 
ever, the effective input resistance 
Ri' is given by 



where A' is the voltage amplifica¬ 
tion of the stage with feedback. For 
example, if Rg is one megohm and 
A' is 0.5, the effective resistance 
Ri' is two megohms. 


If the load is resistive, the effec¬ 
tive input capacitance Ci' of the 
source-follower is reduced by the in¬ 
herent voltage feedback and is 
given by 

Ci — Cg(i "i~ (1 — A ) Cgs 

where Cgd and Cgs are the intrinsic 
gate-to-drain and gate-to-source ca¬ 
pacitances, respectively, of the MOS 
transistor. For example, if a typical 
MOS transistor having a Cgd of 0.3 
picofarad and a Cgs of 5 picofarads 
is used, and if A' is equal to 0.5, 
then Ci' is reduced to 2.8 picofarads. 

The effective output resistance 
Ro' of the source-follower stage is 
given by 


Ro' = 


ros Rs 

(gfs ros + 1) Rs + ros 


where ros is the transistor common- 
source output resistance in ohms. 
For example, if a unit having a 
gate-to-drain forward transconduc¬ 
tance gfs of 2000 micromhos and a 
common-source output resistance 
ros of 7500 ohms is used in a source- 
follower stage with an unbypassed 
source resistance Rs of 500 ohms, the 
effective output resistance Ro' of the 
source-follower stage is 241 ohms. 

The source-follower output ca¬ 
pacitance Co' may be expressed as 
follows: 


Co' — Cds -j- Cgs ( ) 

where Cds and Cgs are the intrinsic 
drain-to-source and gate-to-source 
capacitances, respectively, of the 
MOS transistor. If A' is equal to 
0.5 (as assumed for the sample 
input-circuit calculations), Co' is re¬ 
duced to the sum of Cds and Cgs. 

The common-gate circuit, shown 
in Fig. 151, is used to transform 
from a low input impedance to a 
high output impedance. The input 
impedance of this configuration has 
approximately the same value as the 
output impedance of the source-fol¬ 
lower circuit. The common-gate cir¬ 
cuit is also a desirable configuration 
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Fig. 151—Basic common-gate circuit for 
MOS transistors. 

for high-frequency applications be¬ 
cause its relatively low voltage gain 
makes neutralization unnecessary in 
most cases. The common-gate volt¬ 
age gain, A, is given by 

(grsros + DRi. 

(gfs ros + 1) Rg + ros + Rr. 

where Rg is the resistance of the 
input-signal source. For a typical 
MOS transistor (gfs = 2000 mi¬ 
cromhos, ros = 7500 ohms) and 
with Rl = 2000 ohms and Rg == 500 
ohms, the common-gate voltage gain 
is 1.8. If the value of Rg is doubled, 
the voltage gain is reduced to 1.25. 

BIASING TECHNIQUES 
FOR SINGLE-GATE 
MOS TRANSISTORS 

The bias required for operation of 
a single-gate MOS transistor can 
be supplied by use of a self-bias 
(source-bias) arrangement, from a 
supply of fixed bias, or, preferably, 
by a combination of these methods. 
Fig. 152 illustrates each of the three 
biasing techniques. 


The design of a self-bias circuit 
is relatively simple and straight¬ 
forward. For example, if a 3N128 
MOS transistor is to be operated 
with a drain-to-source voltage Vds 
of 15 volts and a small-signal trans¬ 
conductance gfs of 7400 micromhos, 
the drain current Id required for 
the specified value of transconduct¬ 
ance is first obtained from published 
curves, such as those shown in Fig. 
153(a)* Next, the gate-to-source 
voltage required for this value of 
drain current is determined from 
another published curve, such as the 
solid-line curve shown in Fig. 
153(b). These curves indicate that 
the drain current should be 5 milli- 
amperes and that the gate-to-source 
voltage should be —1.1 volts for 
the specified values of drain-to- 
source voltage and transconductance. 
The source voltage Vs, the source 
resistance Rs, and the dc supply 
voltage Vdd can then be readily cal¬ 
culated, as follows: 

Vs = Vg - Vgs = 1.1 volts 
Rs = Vs/Id = 1.1/5 = 220 ohms 

Vdd — Vds -j- Vs — 15 -j- 1.1 
= 16.1 volts 

The self-bias arrangement is satis¬ 
factory for some applications. A par¬ 
ticular source resistance, however, 
must be selected for each device if 
a specified drain current is required 
because the drain-current character¬ 
istics of individual devices can vary 
significantly from the typical values. 


(+) (-) (+) (+) (+) 
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Fig. 152—Biasing arrangements for single-gate MOS transistors: (a) self-bias circuit; 
(b) fixed bias supply; (c) combination of self bias and fixed bias. 
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Fig. 153—Operating characteristics for the 
RCA-3N128 MOS transistor: (a) forward 
transconductance as a function of drain 
current; (b) drain current as a function of 
gate-to-source voltage. 

The dashed-line curves in Fig. 
153(b) define the “high'’ and “low” 
limits for the characteristics of the 
3N128 MOS transistor. For example, 
the zero-bias drain current Idss can 
vary from a low value of 5 milli- 
amperes to a high value of 25 milli- 
amperes, a range of 20 milliamperes. 
Use of a source resistor of 220 ohms, 
as calculated in the preceding ex¬ 
ample, reduces the range of the drain 
current between “high” and “low” 
3N128 transistors operated in self- 
bias circuits from 20 milliamperes 
to about 4 milliamperes. A reduction 


of about 5 to 1 in the range of Idss 
values among individual devices can 
be achieved, therefore, by a judicious 
choice of the proper value of- source 
resistance. 

Fixed-bias-supply systems, such as 
that shown in Fig. 153(b), are 
generally unattractive for use with 
MOS transistors for two main rea¬ 
sons. First, this type of system is 
undesirable because it requires the 
use of a separate, negative-voltage 
power supply. Second, as shown by 
the curves in Fig. 153 (b), for a 
fixed bias supply of 1.1 volts, drain 
current would be 14 milliamperes for 
a “high” 3N128 transistor and would 
be cut off for a “low” device. Con¬ 
sequently, if an external bias sys¬ 
tem is used provisions must be 
made for adjustment of the bias 
voltage if a specific drain current 
is required for a particular device. 

The combination bias system 
shown in Fig. 152(c) is the most 
effective arrangement when an ap¬ 
plication requires a specific drain 
current despite the range of drain- 
current characteristics encountered 
among individual devices. Fig. 154 
shows two families of characteristic 
curves developed empirically for the 
combination bias system shown in 
Fig. 152(c). The family of curves on 
the left is pertinent for operation at 
a drain current of 5 milliamperes. 
For operation at a drain current of 
10 milliamperes, the family of curves 
on the right should be used. 

If a drain current of 5 milliam¬ 
peres is desired, the pertinent curves 
in Fig. 154 show that, for a source 
resistance of 1000 ohms, a bias sys¬ 
tem can provide this value of cur¬ 
rent within 1 milliampere (as indi¬ 
cated by projections of lines a and b 
to the abscissa), despite a range of 
5 to 25 milliamperes in the value of 
Idss for individual devices. A drain 
current Id of 5 milliamperes, how- 
everj develops a self bias of —5 volts 
across the 1000-ohm source resistor 
Rs, and the transistor will be cut 
off unless sufficient positive bias is 
applied across the input resistors 
(Ri and R 2 ) to establish the correct 
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BIASING TECHNIQUES 
FOR DUAL-GATE 
MOS TRANSISTORS 

The following example illustrates 
the techniques used to provide the 
bias required for operation of a dual¬ 
gate MOS transistor. This example 
assumes a typical application in 
which a 3N140 dual-gate MOS tran- 
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Fig. 156—Operating characteristics for the 
RCA-3N140 dual-gate MOS transistor: 
(a) forward transconductance as a function 
of gate-No. 1-to-source voltage; (b) drain 
current as a function of gate-No. 1-to- 
source voltage. 


sistor is required to operate with a 
drain-to-source voltage Vds of 15 
volts and a forward transconduct¬ 
ance gfs of 10,500 micromhos. (The 
techniques described for the 3N140 
transistor are also applicable to dual¬ 
gate-protected MOS transistors.) 
The characteristic curves for the 
3N140, shown in Fig. 156(a), indi¬ 
cate that the desired value of trans¬ 
conductance can be obtained for a 
gate No. 1-to-source voltage Vgis of 
—0.45 volt and a gate No. 2-to-source 
voltage Vg 2 s of -1-4 volts. The 
curves in Fig. 156(b) show that for 
these conditions the drain current 
Id is 10 milliamperes. 

Fig. 157 shows a biasing arrange¬ 
ment that can be used for dual-gate 
MOS field-effect transistors. For the 
application being considered, the 



Fig. 157—Typical biasing circuit for dual¬ 
gate MOS field-effect transistors. 


shunt resistance for gate No. 1 is 
assumed to be 25,000 ohms. Gate No. 
2 is operated at rf ground (by means 
of adequate bypassing) and is biased 
with a fixed dc potential. Empirical 
experience with dual-gate MOS tran¬ 
sistors has shown that a source re¬ 
sistance of approximately 270 ohms 
provides adequate self-bias for the 
transistor for operation from the 
proposed dc supply voltage. For this 
value of source resistance, the re¬ 
maining parameters of the bias cir¬ 
cuit are obtained from the following 
calculations: 
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Vs = I„Rs = (0.010) (270) 

= +2.7 volts 

Vgi = Vois + Vs = (-0.45) 

+ (+2.7) = +2.25 volts 
Vg2 — Vg2s + Vs — (+4.0) + (+2.7) 
= +6.7 volts 

Viiu = Vns + Vs = ( + 15) + (+2.7) 
+17.7 volts 


The values of the voltage-divider 
resistances required to provide the 
appropriate voltage at each gate are 
determined in a manner similar to 
that described for single-gate MOS 
transistors. The value calculated for 
Ra is 197,000 ohms, that for is 
28,600 ohms, and the ratio R 1 /R 2 is 
11.67. 

The circuit shown in Fig. 157 is 
normally used in rf amplifier appli¬ 
cations. In this circuit, the signal 
voltage is applied at point “a^^ 
through appropriate input circuitry. 
If the age feature is not employed, 
(e.g. in mixer circuits), the resistor 
Rage is disconnected at point “b.” 
In a mixer application, the local os¬ 
cillator signal is injected at point 


TECHNICAL FEATURES 

It is apparent from the preceding 
discussions that MOS field-effect 
transistors exhibit a number of 
technical features that result in 
unique performance advantages in 
circuit applications such as mixers, 
product detectors, remote gain-con¬ 
trol circuits, balanced modulators, 
choppers, clippers, and gated ampli¬ 
fiers. These features include: 

1. An extremely high input re¬ 
sistance and a low input capaci¬ 
tance—as a result, MO transistors 
impose virtually no loading on an 
age voltage source (i.e., virtually no 
age power is required) and have a 
wide age range capability. 

2. A wide dynamic range—MOS 
transistors, therefore, can handle 
positive and negative input-signal 
excursions without diode-current 
loading. 


3. Cross-modulation effects and 
spurious response that are substan¬ 
tially less than those of other types 
of electronic devices—the cross¬ 
modulation characteristics of dual¬ 
gate transistors actually improve as 
the device approaches cutoff. 

4. Zero offset voltage—this fea¬ 
ture is especially desirable for chop¬ 
per applications. 

5. An exceptionally high forward 
transconductance. 

6. Negative temperature coeffi¬ 
cient for the drain current—‘‘thermal 
runaway,” therefore, is virtually im¬ 
possible. 

7. A very low gate leakage cur¬ 
rent that is relatively insensitive to 
temperature variations. 

8. Very low oscillator feed¬ 
through in dual-gate mixer circuits. 

9. Dual-gate transistors can pro¬ 
vide good gain in common-source 
amplifiers into the uhf range with¬ 
out neutralization. 

HANDLING CONSIDERATIONS 

MOS field-effect transistors, like 
high-frequency bipolar transistors, 
can be damaged by exposure to ex¬ 
cessive voltages. The gate oxide in¬ 
sulation is susceptible to puncture 
when subjected to voltage in excess 
of the rated value. The very high 
resistance of the oxide insulation 
imposes a negligible load on electro¬ 
statically generated potentials and, 
therefore, provides an ineffective dis¬ 
charge path for sources of static 
electricity. As discussed earlier, the 
integral gate-protection system in¬ 
corporated into some types of dual¬ 
gate MOS transistors is highly ef¬ 
fective in the protection of these 
devices against the effects of electro¬ 
static charges. The following spe¬ 
cial precautions, however, are neces¬ 
sary in handling MOS-transistors 
which do not contain integral-gate 
protection systems: 

1. Prior to assembly into a cir¬ 
cuit, all leads should be kept 
shorted together by either (a) 
use of metal shorting springs 
attached to the device by the 
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vendor, as shown in Fig. 367, 
or (b) use of conductive foam 
such as “ECCOSORB LS26” or 
e(iuivalent. (ECCOSORB is a 
Trade Mark of Emerson & 
Cuming, Inc.). Note: Poly¬ 
styrene insulating “SNOW” 
can acquire high static charges 
and should not be used. 

2. When devices are removed by 
hand from their carriers, the 


hand being used should be at 
ground potential. Personnel 
handling MOS transistors dur¬ 
ing testing should ground 
themselves, preferably at the 
hand or wrist. 

3. Tips of soldering irons should 
be grounded. 

4. Devices should never be in¬ 
serted into or removed from 
circuits with power on. 
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^ HE term thyristor is the generic 
name for solid-state devices 
that have characteristics similar to 
those of thyratron tubes. Basically, 
this group includes bistable solid- 
state devices that have two or 
more junctions (three or more semi¬ 
conductor layers) and that can be 
switched between conducting states 
(from off to on or from on to 
off) within at least one quad¬ 
rant of the principal voltage-cur¬ 
rent characteristic. Reverse-blocking 
triode thyristors, commonly called 
silicon controlled rectifiers (SCR^s), 
and bidirectional triode thyristors, 
usually referred to as triacs, are the 
most common types. These types 
have three electrodes and are 
switched between states by a current 
pulse applied to the gate terminal. 

Thyristors have become increas¬ 
ingly important for use in power¬ 
switching and power-control appli¬ 
cations at voltages that range from 
a few volts to more than 1000 volts 
and current levels from less than 
one-half ampere to more than 1000 
amperes. As mentioned earlier in the 
section Materials, Junctions, and 
Devices, an SCR is basically a uni¬ 
directional device that may be used 
for both ac and dc functions, and a 
triac is a bidirectional device that 
is used mainly for ac functions. 

When power control involves con¬ 
version of ac voltages and/or cur¬ 
rents to dc and control of their mag¬ 
nitudes, SCR’s are used because of 
their inherent rectifying properties. 
SCR’s are also used in dc switch¬ 
ing applications such as pulse modu¬ 
lators and inverters, because the cur¬ 


rents in the switching device are 
unidirectional. In addition, SCR’s 
are generally used whenever the de¬ 
sired function can be accomplished 
adequately by this type of device 
because of the economics involved. 

Triacs, which have symmetrical 
bidirectional electrical characteris¬ 
tics, were developed specifically for 
control of ac power. These devices 
are used primarily to control the 
power applied to a load from ac 
power lines. 

PELLET STRUCTURES 

Fig. 158 shows a cross-sectional 
diagram of a typical RCA SCR 
pellet. The shorted-emitter construc¬ 
tion used in RCA SCR’s can be 
recognized by the metallic cathode 
electrode in direct contact with the 
p-type base layer around the pe¬ 
riphery of the pellet. The gate, at 
the center of the pellet, also makes 
direct metallic contact to the p- 
type base so that the portion of 
this layer under the n-type emitter 
acts as an ohmic path for current 
flow between gate and cathode. Be¬ 
cause this ohmic path is in parallel 
with the n-type emitter junction, 
current preferentially takes the 
ohmic path until the IR drop in this 
path reaches the junction threshold 
voltage of about 0.8 volt. When the 
gate voltage exceeds this value, the 
junction current increases rapidly, 
and injection of electrons by the n- 
type emitter reaches a level high 
enough to turn on the device. 

In addition to providing a pre¬ 
cisely controlled gate current, the 
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Fig. 158—Cross section of a typical SCR pellet. 


shorted-emitter construction also im¬ 
proves the high-temperature and 
dv/dt (maximum allowable rate of 
rise of off-state voltage) capabilities 
of the device. The junction depletion 
layer acts as a parallel-plate capaci¬ 
tor which must be charged when 
blocking voltage is applied. Because 
the charging, or displacement, cur¬ 
rent (i = Cdv/dt) into this capacitor 
varies as the rate of rise of for¬ 
ward voltage (dv/dt), a very high 
dv/dt can result in a high current 
between anode and cathode. If this 
current crosses the n-type emitter 
junction and is of the same order 
of magnitude as the gate current, it 
can trigger the device into the con¬ 
ducting state. Such unwanted trig¬ 
gering is minimized by the shorted- 
emitter construction because the 
peripheral contact of the p-type base 
to the cathode electrode provides a 
large-area parallel path by which 
the dv/dt current can reach the 
cathode electrode without crossing 
the n-type emitter junction. (The 
critical dv/dt value for thyristors 
is discussed more fully in a subse¬ 
quent paragraph.) 

The center-gate construction of 
the SCR pellet provides fast turn¬ 
on and high di/dt capabilities (i.e., 
maximum rate of rise of forward 


current). (Thyristor turn-on char¬ 
acteristics and di/dt capabilities are 
explained later in this section.) In 
an SCR, conduction is initiated in 
the cathode region immediately ad¬ 
jacent to the gate contact and must 
then propagate to the more remote 
regions of the cathode. Switching 
losses are influenced by the rate of 
propagation of conduction and the 
distance conduction must propagate 
from the gate. With a central gate, 
all regions of the cathode are in 
close proximity to the initially con¬ 
ducting region so that propagation 
distance is significantly decreased; 
as a result, switching losses are 
minimized. 

Fig. 159 shows a cross-sectional 
diagram of a typical RCA triac pel¬ 
let. In this device, the main-terminal- 
1 electrode makes ohmic contact to 
a p-type emitter as well as to an 
n-type emitter. Similarly, the main- 
terminal-2 electrode also makes 
ohmic contact to both types of emit¬ 
ters, but the p-type emitter of the 
main-terminal-2 side is located op¬ 
posite the n-type emitter of the 
main-terminal-1 side, and the main- 
terminal-2 n-type emitter is opposite 
the main-terminal-1 p-type emitter. 
The net result is two four-layer 
switches in parallel, but oriented in 
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Fig. 159—Cross section of a typical triac pellet. 


opposite directions, in one silicon 
pellet. This type of construction 
makes it possible for a triac either 
to block or to conduct current in 
either direction between main termi¬ 
nal 1 and main terminal 2. 

The gate electrodes also makes 
contact to both n- and p-type re¬ 
gions. As a result, the device can 
be triggered by either positive or 
negative gate signals, for either 
polarity of voltage between the 
main-terminal electrodes. When the 
triac is triggered by a positive gate 
signal, conduction is initiated, as in 
the SCR, by injection of electrons 
from the main-terminal-1 n-type 
emitter, and the gate n-type region 
is passive. The gate n-type region 
becomes active when the triac is 
triggered by a negative gate signal, 
because it then acts as the n-type 
emitter of a grounded-base n-p-n 
transistor. Electrons injected from 
this region enter the n-type base 
and cause a forward bias on one 
of the p-type emitters, depending on 
which is at the positive end of the 
voltage between the main-terminal 
electrodes. 

The cathode of an SCR and the 
main terminal 1 of a triac are fully 
covered by a relatively heavy 'metal¬ 
lic electrode. This electrode provides 


a low-resistance path to distribute 
current evenly over the cathode or 
main-terminal-1 area and serves as 
a thermal capacitor to absorb heat 
generated by high surge or overload 
currents. Junction-temperature ex¬ 
cursions that result from such con¬ 
ditions are, therefore, held to a 
minimum. 


PRINCIPAL 

VOLTAGE-CURRENT 

CHARACTERISTICS 

The principal voltage-current 
characteristics of SCR’s and triacs 
indicate that these devices are ideal 
for power switching applications. 
When the voltage across the main 
terminals of either type of thyris¬ 
tor is below the breakover point, 
the current through the device is 
extremely small, and the thyristor 
is effectively an open switch. When 
the voltage across the main termi¬ 
nals increases to a value exceeding 
the breakover point, the thyristor 
switches to its high-conduction state 
and is effectively a closed switch. 
The thyristor remains in the on 
state until the current through the 
main terminals drops below a value 
which is called the holding current. 
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When the source voltage of the main- 
terminal circuit cannot support a 
current equal to the holding current, 
the thyristor reverts back to the 
high-impedance off state. 

SCR Characteristic 

Fig. 160 shows the principal volt- 
age-current characteristic curve for 
an SCR. This curve shows that the 
operation of an SCR under reverse- 
bias conditions (anode negative with 
respect to cathode) is very similar 
to that of reverse-biased silicon rec- 
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Fig. 160—Principal voltage-current charac¬ 
teristic for an SCR. 


tifiers or other solid-state diodes. 
In this bias mode, the SCR exhibits 
a very high internal impedance, and 
only a slight amount of reverse cur¬ 
rent, called the reverse blocking 
current, flows through the p-n-p-n 
structure. This current is very 
small until the reverse voltage ex¬ 
ceeds the reverse breakdown voltage; 
beyond this point, however, the re¬ 
verse current increases rapidly. The 
value of the reverse breakdown volt¬ 
age differs for individual SCR types. 

During forward-bias operation 
(anode positive with respect to cath¬ 
ode), the p-n-p-n structure of the 
SCR is electrically bistable and may 
exhibit either a very high impedance 
(forward-blocking or off State) or 
a very low impedance (forward- 
conducting or on state). In the for¬ 
ward-blocking state, a small forward 


current, called the forward on-state 
current, flows through the SCR. The 
magnitude of this current is ap¬ 
proximately the same as that of the 
reverse-blocking current that flows 
under reverse-bias conditions. As 
the forward bias is increased, a volt¬ 
age point is reached at which the 
forward current increases rapidly, 
and the SCR switches to the on 
state. This value of voltage is called 
the forward breakover voltage. 

When the forward voltage exceeds 
the breakover value, the voltage drop 
across the SCR abruptly decreases 
to a very low value, referred to as 
the forward on-state voltage. When 
an SCR is in the on state, the for¬ 
ward current is limited primarily 
by the impedance of the external 
circuit. Increases in forward current 
are accompanied by only slight in¬ 
creases in forward voltage when 
the SCR is in the state of high for¬ 
ward conduction. 

Triac Characteristic 

A triac exhibits the forward¬ 
blocking, forward-conducting volt¬ 
age-current characteristic of a 
p-n-p-n structure for either direc¬ 
tion of applied voltage, as shown 
in Fig. 161. This bidirectional 
switching capability results because, 
as mentioned previously, a triac 
consists essentially of two p-n-p-n 



Fig. 161 — PrinCtpP^ voltage-current charac¬ 
teristic for a iriuC. 
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devices of opposite orientation built 
into the same crystal. The device, 
therefore, operates basically as two 
SCR’s connected in parallel, but 
with the anode and cathode of one 
SCR connected to the cathode and 
anode, respectively, of the other 
SCR. As a result, the operating 
characteristics of the triac in the 
first and third quadrants of the 
voltage-current characteristics are 
the same, except for the direction 
of current flow and applied voltage. 
The triac characteristics in these 
quadrants are essentially identical 
to those of an SCR operated in the 
first quadrant. For the triac, how¬ 
ever, the high-impedance state in 
the third quadrant is referred to as 
the off state rather than as the re¬ 
verse-blocking state. Because of the 
symmetrical construction of the 
triac, the terms forward and reverse 
are not used in reference to this 
device. 


Effect of Gate Current on 
Voltage-Current Characteristics 

The breakover voltage of a thy¬ 
ristor can be varied, or controlled, 
by injection of a signal at the gate 
terminal. Fig. 162 shows curves of 
breakover as a function of gate cur¬ 
rent for first-quadrant operation of 
an SCR. A similar set of curves can 
be drawn for both the first and the 
third quadrant to represent triac 
operation. 

When the gate current Ig is zero, 
the applied voltage must reach the 
breakover voltage of the SCR or 
triac before switching occurs. As the 
value of gate current is increased, 
however, the ability of a thyristor to 
support applied voltage is reduced 
and there is a certain value of gate 
current at which the behavior of 
the thyristor closely resembles that 
of a rectifier. Because thyristor 
turn-on, as a result of exceeding 
the breakover voltage, can produce 
instantaneous power dissipation dur¬ 
ing the switching transition, an ir¬ 
reversible condition may exist unless 
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Fig. 162—Thyristor breakover as a func¬ 
tion of gate current. 

the magnitude and rate of rise of 
principal current is restricted to 
tolerable levels. For normal opera¬ 
tion, therefore, thyristors are oper¬ 
ated at applied voltages lower than 
the breakover voltage, and are made 
to switch to the on state by gate 
signals of sufficient amplitude to 
assure complete turn-on independent 
of the applied voltage. Once the 
thyristor is triggered to the on state, 
the principal-current flow is inde¬ 
pendent of gate voltage or gate cur¬ 
rent, and the device remains in the 
on state until the principal-current 
flow is reduced to a value below the 
holding current required to sustain 
regeneration. 

The gate voltage and current re¬ 
quired to switch a thyristor from 
its high-impedance (off) state to its 
low-impedance (on) state at maxi¬ 
mum rated forward anode current 
can be determined from the circuit 
shown in Fig. 163. Resistor R 2 is 


R2 
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Fig. 163—Circuit used to measure thyristor 
gate voltage and current switching 
threshold. 
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selected so that the anode current 
specified in the manufacturer’s rat¬ 
ings flows when the device latches 
into its low-impedance or on state. 
The value of Ri is gradually de¬ 
creased until the device under test is 
switched from its oif state to its 
low-impedance or on state. The 
values of gate current and gate volt¬ 
age immediately prior to switching 
are the values required to trigger 
the thyristor. For an SCR, there is 
only one mode of gate firing capable 
of switching the device into the on 
state, i.e., a positive gate signal for 
a positive anode voltage. If the gate 
polarity is reversed (negative volt¬ 
age), the reverse current flow is 
limited by the value of R 2 and the 
gate-cathode internal shunt. The 
value of power dissipated for the 
reverse gate polarity is restricted 
to the maximum power-dissipation 
limit imposed by the manufacturer. 

Because of its complex structure, a 
triac can be triggered by either a 
positive or a negatve gate signal, 
regardless of the polarity of the volt¬ 
age across the main terminals of 
the device. The direction of the 
principal current, however, in¬ 
fluences the gate trigger current; as 
a result, the magnitude of current 
required to trigger the triac differs 
for each triggering mode. The trig¬ 
gering modes in which the principal 
current is in the same direction as 
the gate current require less gate 
current than the triggering modes 
in which the principal current is in 
opposition to the gate current. The 


directions of the gate current and 
the principal current for each trig¬ 
gering mode are indicated in the 
junction diagrams in Fig. 29 in the 
section Materials, Junctions, and De¬ 
vices. For convenience. Fig. 164 
shows these current directions in 
relation to the schematic symbol of 
a triac. 

RATINGS AND 
CHARACTERISTICS 

Thyristors must be operated 
within the maximum ratings speci¬ 
fied by the manufacturer to assure 
best results in terms of perform¬ 
ance, life, and reliability. These rat¬ 
ings define limiting values, deter¬ 
mined on the basis of extensive 
tests, that represent the best judg¬ 
ment of the manufacturer of the 
safe operating capability of the de¬ 
vice. 

Voltage Ratings 

The voltage ratings of thyristors 
are given for both steady-state and 
transient operation and for both 
forward- and reverse-blocking condi¬ 
tions. For SCR’s, voltages are con¬ 
sidered to be in the forward or posi¬ 
tive direction when the anode is 
positive with respect to the cathode. 
Negative voltages for SCR’s are re¬ 
ferred to as reverse-blocking volt¬ 
ages. For triacs, voltages are con¬ 
sidered to be positive when main 
terminal 2 is positive with respect 
to main terminal 1. Alternatively, 



Fig. 164—Gating conditions for each of the four triggering modes of a triac. 
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this condition may be referred to as 
operation in the first quadrant. 

Off-State Voltages—The repetitive 
peak off-state voltage Vdkm is the 
maximum value of off-state voltage, 
either transient or steady-state, that 
the thyristor should be required to 
block under the stated conditions of 
temperature and gate-to-cathode re¬ 
sistance. If this voltage is exceeded, 
the thyristor may switch to the on 
state. The circuit designer should in¬ 
sure that the Vdrm rating is not ex¬ 
ceeded to assure proper operation of 
the thyristor. 

Under relaxed conditions of tem¬ 
perature or gate impedance, or when 
the blocking capability of the thyris¬ 
tor exceeds the specified rating, it 
may be found that a thyristor can 
block voltages far in excess of its 
repetitive off-state voltage rating 
Vdkm. Because the application of an 
excessive voltage to a thyristor may 
produce irreversible effects, an ab¬ 
solute upper limit should be imposed 
on the amount of voltage that may 
be applied to the main terminals of 
the device. This voltage rating is 
referred to as the peak off-state 
voltage Vdm. It should be noted that 
the peak off-state voltage has a 
single rating irrespective of the volt¬ 
age grade of the thyristor. This rat¬ 
ing is a function of the construction 
of the thyristor and of the surface 
properties of the pellet; it should not 
be exceeded under either continuous 
or transient conditions. 

Reverse Voltages (SCR’s only)— 
Reverse voltage ratings are given 
for SCR’s to provide operating guid¬ 
ance in the third quadrant, or re¬ 
verse-blocking mode. There are two 
voltage ratings for SCR’s in the 
reverse-blocking mode: repetitive 
peak reverse voltage (Vrrm) and 
nonrepetitive peak reverse voltage 
(Vrsm). 

The repetitive peak reverse volt¬ 
age is the maximum allowable value 
of reverse voltage, including all re¬ 
petitive transient voltages, that may 
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be applied to the SCR. Because re¬ 
verse power dissipation is small at 
this voltage, the rise in junction tem¬ 
perature because of this reverse dis¬ 
sipation is very slight and is ac¬ 
counted for in the rating of the SCR. 

The nonrepetitive peak reverse 
voltage is the maximum allowable 
value of any nonrepetitive transient 
reverse voltage which may be applied 
to the SCR. These nonrepetitive 
transient voltages are allowed to ex¬ 
ceed the steady-state ratings, even 
though the instantaneous power dis¬ 
sipation can be significant. While the 
transient voltage is applied, the junc¬ 
tion temperature may increase, but 
removal of the transient voltage in 
a specified time allows the junction 
temperature to return to its steady- 
state operating temperature before a 
thermal runaway occurs. 

On-State Voltages—When a thy¬ 
ristor is in a high-conduction state, 
the voltage drop across the device 
is no different in nature from the 
forward-conduction voltage drop of 
a solid-state diode, although the 
magnitude may be slightly higher. 
As in diodes, the on-state voltage- 
drop characteristic is the major 
source of power losses in the opera¬ 
tion of the thyristor, and the tem¬ 
peratures produced become a limit¬ 
ing feature in the rating of the 
device. 

Current Ratings 

The current ratings for SCR’s and 
triacs define maximum values for 
normal or repetitive currents and 
for surge or nonrepetitive currents. 
These maximum ratings are de¬ 
termined on the basis of the maxi¬ 
mum junction-temperature rating, 
the junction-to-case thermal re¬ 
sistance, the internal power dissi¬ 
pation that results from the current 
flow through the thyristor, and the 
ambient temperature. The effect of 
these factors in the determination 
of current ratings is illustrated by 
the following example. 

Fig. 165 shows curves of the maxi¬ 
mum average forward power dissipa¬ 
tion for the RCA-2N3873 SCR as a 



158 


RCA Solid-State Devices Manual 


function of average forward current 
for dc operation and for various con¬ 
duction angles. For the 2N3873, the 
junction-to-case thermal resistance 
^j-c is 0.92°C per watt and the maxi¬ 
mum operating junction temperature 
Tj is lOO^C. If the maximum case 
temperature Tc(max) is assumed to be 
65°C, the maximum average forward 
power dissipation can be determined 
as follows: 


P 


AVG(inax) 


Tj(max) —Tc(i 


Bj-0 


_ (100 - 65)'’C 
0.92°C/watt 
= 38 watts 

The maximum average forward cur¬ 
rent rating for the specified condi¬ 
tions can then be determined from 
the rating curves shown ii/Fig. 165. 
For example, if a conduction angle 
of 180 degrees is assumed, the aver¬ 
age forward current rating for a 
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Fig. 165 — Power-dissipation rating chart 
for the 2N3873 SCR. 


maximum dissipation of 38 watts is 
found to be 22 amperes. 

These calculations assume that the 
temperature is uniform throughout 
the pellet and the case. The junction 
temperature, however, increases and 
decreases under conditions of tran¬ 
sient loading or periodic currents, 
depending upon the instantaneous 
power dissipated within the thyristor. 
The current rating takes these varia¬ 
tions into account. 

The on-state current ratings for 
a thyristor indicate the maximum 
values of average, rms, and peak 
(surge) current that should be al¬ 
lowed to flow through the main 
terminals of the device, under 
stated conditions, when the thy¬ 
ristor is in the on state. For 
heat-sink-mounted thyristors, these 
maximum ratings are based on the 
case temperature; for lead-mounted 
thyristors, the ratings are based on 
the ambient temperature. 

The maximum average on-state 
current rating for an SCR is usu¬ 
ally specified for a half-sine-wave 
current at a particular frequency. 
Fig. 166 shows curves of the maxi¬ 
mum allowable average on-state 
current iTF(avg) for the RCA-2N3873 
SCR family as a function of case 
temperature. Because peak and 
rms currents may be high for 
small conduction angles, the curves 
in Fig. 166 also show maximum 
allowable average currents as a 
function of conduction angle. The 
maximum operating junction tem¬ 
perature for the 2N3873 is 100®C. 
The rating curves indicate, for a 
given case temperature, the maxi¬ 
mum average on-state current for 
which the average temperature of 
the pellet will not exceed the maxi¬ 
mum allowable value. The rating 
curves may be used for only resistive 
or inductive loads. When capacitive 
loads are used, the currents produced 
by the charge or discharge of the 
capacitor through the thyristor may 
be excessively high, and a resistance 
should be used in series with the 
capacitor to limit the current to the 
rating of the thyristor. 
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Fig. 166—Current rating chart for the 
2N3873 SCR. 

The on-state current rating for a 
triac is given only in rms values be¬ 
cause these devices normally conduct 
alternating current. Fig. 167 shows 
an rms on-state current rating curve 
for a typical triac as a function of 
case temperature. As with the SCR, 
the triac curve is derated to zero 
current when the case temperature 
rises to the maximum operating junc¬ 
tion temperature. Triac current rat- 
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RMS CONDUCTION CURRENT—A 
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Fig. 167—Current rating chart for a typi¬ 
cal RCA triac. 


ings are given for full-wave conduc¬ 
tion under resistive or inductive 
loads. Precautions should be taken to 
limit the peak current to tolerable 
levels when capacitive loads are used. 

The surge on-state current rating 
lTF(su.ge) indicates the maximum peak 
value of a short-duration current 
pulse that should be allowed to flow 
through a thyristor during one on- 
state cycle, under stated conditions. 
This rating is applicable for any 
rated load condition. During normal 
operation, the junction temperature 
of a thyristor may rise to the maxi¬ 
mum allowable value; if the surge 
occurs at this time, the maximum 
limit is exceeded. For this reason, a 
thyristor is not rated to block off- 
state voltage immediately following 
the occurrence of a current surge. 
Sufficient time must be allowed to 
permit the junction temperature to 
return to the normal operating value 
before gate control is restored to the 
thyristor. Fig. 168 shows a surge- 
current rating curve for the 2N3873 


SUPPLY=60-H2 sine WAVE 
CASE TEMPERATURE* 65*C 
LOAD*RESISTIVE 

REPETITIVE PEAK REVERSE VOLTAGE 
)- =MAXIMUM RATED VALUE 

AVERAGE FORWARD CURRENT 
t = MAXIMUM RATED VALUE 


10 100 1000 
SURGE CURRENT DURATION—CYCLES 


Fig. 168- 


-Surge-current rating curve for 
the 2N3873 SCR. 


SCR. This curve shows peak values 
of half-sine-wave forward (on-state) 
current as a function of overload 
duration measured in cycles of the 
60-Hz current. Fig. 169 shows a 
surge-current rating curve for a typi¬ 
cal triac. For triacs, the rating curve 
shows peak values for a full-sine- 
wave current as a function of the 
number of cycles of overload dura¬ 
tion. Multicycle surge curves are the 
basis for the selection of circuit 
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SUPPLY =60 Hz SINE WAVE 
LOAD = RESISTIVE 
CASE TEMPERATURE=-i-75X 



1000 


®«l'0 2 4 6 8,io 

SURGE CURRENT DURATION-FULL CYCLES 
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Fig. 169 — Surge-current rating curve for a 
typical triac. 


breakers and fuses that are used to 
prevent damage to the thyristor in 
the event of accidental short-circuit 
of the device. The number of surges 
permitted over the life of the thy¬ 
ristor should be limited to prevent 
device degradation. 


Critical Rate of Rise of 
On-State Current (di/dt) 


In an SCR or triac, the load cur¬ 
rent is initially concentrated in the 
small area of the pellet where load 
current first begins to flow. This' 
small area effectively limits the 
amount of current that the device 
can handle and results in a high 
voltage drop across the pellet in the 
first microsecond after the thyris- 



^di/dt=200 A/^s 


di/dt=Ip^/2t| 



Fig. 170—Voltage and current waveforms 
used to determine di/dt rating of the 
2N3873 SCR. 


tor is triggered. If the rate of rise 
of current is not maintained within 
the rating of the thyristor, local¬ 
ized hot spots may occur within the 
pellet and permanent damage to 
the device may result. The wave¬ 
shape for testing the di/dt cap¬ 
ability of the RCA 2N3873 is, 
shown in Fig. 170. The critical rate 
of rise of on-state current is depen¬ 
dent upon the size of the cathode 
area that begins to conduct initially, 
and the size of this area is increased 
for larger values of gate trigger cur¬ 
rent. For this reason, the di/dt rat¬ 
ing is specified for a specific value of 
gate trigger current. 


Holding and Latching 
Currents 

After an SCR or triac has been 
switched to the on-state condition, 
a certain minimum value of anode 
current is required to maintain 
the thyristor in this low-impedance 
state. If the anode current is re¬ 
duced below this critical holding- 
current value, the thyristor cannot 
maintain regeneration and reverts 
to the off or high-impedance state. 
Because the holding current (Ih) is 
sensitive to changes in temperature 
(increases as temperature de¬ 
creases), this rating is specified at 
room temperature with the gate 
open. 

The latching-current rating of a 
thyristor specifies a value of anode 
current, slightly higher than the 
holding current, which is the mini¬ 
mum amount required to sustain con¬ 
duction immediately after the thyris¬ 
tor is switched from the off state 
to the on state and the gate signal 
is removed. Once the latching cur¬ 
rent (It.) is reached, the thyristor 
remains in the on, or low-impedance, 
state until its anode current is de¬ 
creased below the holding-current 
value. The latching-current rating is 
an important consideration when a 
thyristor is to be used with an induc¬ 
tive load because the inductance 
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limits the rate of rise of the anode 
current. Precautions should be taken 
to insure that, under such condi¬ 
tions, the gate signal is present un¬ 
til the anode current rises to the 
latching value so that complete 
turn-on of the thyristor is assured. 

Critical Rate of Rise of 
Off-State Voltage (dv/dt) 

Because of the internal capacitance 
of a thyristor, the forward-blocking 
capability of the device is sensitive 
to the rate at which the forward volt¬ 
age is applied. A steep rising voltage 
impressed across the main terminals 
of a thyristor causes a capacitive 
charging current to flow through the 
device. This charging current (i = 
Cdv/dt) is a function of the rate of 
rise of the off-state voltage. 

If the rate of rise of the forward 
voltage exceeds a critical value, the 
capacitive charging current may be¬ 
come large enough to trigger the 
thyristor. The steeper the wavefront 
of applied forward voltage, the 
smaller the value of the thyristor 
breakover voltage becomes. 

The use of the shorted-emitter con¬ 
struction in SCR’s has resulted in a 
substantial increase in the dv/dt 
capability of these devices by provid¬ 
ing a shunt path around the gate-to- 
cathode junction. Typical units can 
withstand rates of voltage rise up to 
200 volts per microsecond under 
worst-case conditions. The dv/dt 
capability of a thyristor decreases 
as the temperature rises and is in¬ 
creased by the addition of an external 
resistance from gate to reference 
terminal. The dv/dt rating, therefore, 
is given for the maximum junction 
temperature with the gate open, i.e., 
for worst-case conditions. 


Turn-on Time 

The ratings of thyristors are based 
primarily upon the amount of heat 
generated within the device pellet 
and the ability of the device package 
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to transfer the internal heat to the 
external case. For high-frequency ap¬ 
plications in which the peak-to-aver- 
age current ratio is high, or for high- 
performance applications that re¬ 
quire large peak values but narrow 
current pulses, the energy lost dur¬ 
ing the turn-on process may be the 
main cause of heat generation within 
the thyristor. The switching proper¬ 
ties of the device must be known, 
therefore, to determine power dis¬ 
sipation which may limit the device 
performance. 

When a thyristor is triggered by 
a gate signal, the turn-on time of 
the device consists of two stages, a 
delay time t,i and a rise time t,, as 
shown in Fig. 171. The total turn-on 
time tgt is defined as the time inter¬ 
val between the initiation of the gate 
signal and the time when the result¬ 
ing current through the thyristor 
reaches 90 per cent of its maximum 
value with a resistive load. The delay 
time td is defined as the time interval 
between the 10-per-cent point of the 
leading edge of the gate-trigger volt¬ 
age and the 10-per-cent point of the 



Fig. 171 — Gate-current and voltage turn-on 
waveforms for a thyristor. 


resulting current with a resistive 
load. The rise time tr is the time 
interval required for the principal 
current to rise from 10 to 90 per 
cent of its maximum value. The 
total turn-on time, therefore, is the 
sum of both the delay and rise times 
of the thyristor. 

Although the turn-on time is af¬ 
fected to some extent by the peak 
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off-state voltage and the peak on- 
state current level, it is influenced 
primarily by the magnitude of the 
gate-trigger current pulse. Fig. 172 
shows the variation in turn-on time 
with gate-trigger current for the 
RCA-2N3873 SCR. 



0.1 0.3 0.5 0.7 0.9 l.l 

GATE CURRENT—A 


Fig. 172—Range of turn-on time as a 
function of gate current for the 2N3873 
SCR. 

To guarantee reliable operation 
and provide guidance for equipment 
designers in applications having 
short conduction periods, the voltage 
drop across RCA thyristors, at a 
given instantaneous forward current 
and at a specified time after turn-on 
from an off-state condition, is given 
in the published data. The wave¬ 
shape for the initial on-state volt¬ 
age for the RCA-2N3873 SCR is 
shown in Fig. 173. This initial volt¬ 
age, together with the time required 
for reduction of the dynamic forward 
voltage drop during the spreading 
time, is an indication of the current¬ 
switching capability of the thyristor. 

When the entire junction area of 
a thyristor is not in conduction, the 
current through that fraction of the 
pellet area in conduction may result 
in large instantaneous power losses. 
These turn-on switching losses are 
proportional to the current and the 
voltage from cathode to anode of the 
device, together with the repetition 
rate of the gate-trigger pulses. The 
instantaneous power dissipated in a 
thyristor under such conditions is 
shown in Fig. 174. The curves shown 
in this figure indicate that the peak 



Fig. 173—Initial on-state voltage and cur¬ 
rent waveforms for the 2N3873 SCR. 


I 



Fig. 174—Instantaneous power dissipation 
in a thyristor during turn-on. 

power dissipation occurs in the short 
interval immediately after the device 
starts to conduct, usually in the first 
microsecond. During this time inter¬ 
val, the peak junction temperature 
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may exceed the maximum operating 
temperature given in the manufac¬ 
turer’s data; in this case, the thy¬ 
ristor should not be required to block 
voltages immediately after the con¬ 
duction interval. If the thyristor 
must block voltages immediately fol¬ 
lowing the conduction interval, the 
junction-temperature rating must not 
be exceeded. 

Turn-off Time (for SCR’s) 

The turn-off time of an SCR also 
consists of two stages, a reverse- 
recovery time and a gate-recovery 
time, as shown in Fig. 175. When the 





Fig. 175 — Circuit-commutated turn-off 

voltage and current waveforms for a 
thyristor. 


forward current of an SCR is reduced 
to zero at the end of a conduction 
period, application of reverse voltage 
between the anode and cathode termi¬ 
nals causes reverse current to flow in 
the SCR until the reverse-blocking 
junction establishes a depletion re¬ 
gion. The time interval between the 
application of reverse voltage and 
the time that the reverse current 
passes its peak value to a steady- 
state level is called the reverse- 
recovery time trr. A second recovery 
period, called the gate-recovery time 


tgr, must then elapse for the forward¬ 
blocking junction to establish a for¬ 
ward-depletion region so that for¬ 
ward-blocking voltage can be re¬ 
applied and successfully blocked by 
the SCR. 

The gate-recovery time of an SCR 
is usually much longer than the re¬ 
verse-recovery time. The total time 
from the instant reverse-recovery 
current begins to flow to the start of 
the re-applied forward-blocking volt¬ 
age is referred to as the circuit com¬ 
mutated turn-off time tq. The turn-off 
time is dependent upon a number of 
circuit parameters, including the on- 
state current prior to turn-off, the 
rate of change of current during 
the forward-to-reverse transition, the 
reverse-blocking voltage, the rate of 
change of the re-applied forward 
voltage, the gate trigger level, the 
gate bias, and the junction tempera¬ 
ture. The junction temperature and 
the on-state current, however, have 
a more significant effect on turn-off 
time than any of the other factors. 
Because the turn-off time of an SCR 
depends upon a number of circuit 
parameters, the manufacturer’s turn¬ 
off time specification is meaningful 
only if these critical parameters are 
listed and the test circuit used for the 
measurement is indicated. 

Commutating dv/dt Capability 
(of Triacs) 

In ac power-control applications, 
a triac must switch from the con¬ 
ducting state to the blocking state 
at each zero-current point, or twice 
each cycle, of the applied ac power. 
This action is called commutation. 
If the triac fails to block the circuit 
voltage (turn off) following the 
zero-current point, this action is not 
damaging to the triac, but control 
of the load power is lost. Commu¬ 
tation for resistive loading presents 
no special problems because the 
voltage and current are essentially 
in phase. For inductive loading, 
however, the current lags the volt¬ 
age so that, following the zero- 
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current point, an applied voltage 
opposite to the current and equal 
to the peak of the ac line voltage 
occurs across the thyristor. The 
maximum rate of rise of this volt¬ 
age which can be blocked without 
the triac reverting to the on state 
is termed the critical rate of rise 
of commutation voltage, or the com¬ 
mutating dv/dt capability, of the 
triac. 

SCR’s do not experience commu¬ 
tation limitations because turn-on 
is not possible for the polarity of 
voltage opposite to current flow. 

The commutating dv/dt is a major 
operating characteristic used to de¬ 
scribe the performance capability of 
a triac. The characteristic can be 
more easily understood if the triac 
pellet, shown in Fig. 176, is consid¬ 
ered to be divided into two halves. 


MAIN 



Fig. 176—Junction diagram for a triac 
pellet. 


One half conducts current in one 
direction, the other half conducts in 
the opposite direction. The main 
blocking junctions and a lightly 
doped n-type base region in which 
charge can be stored are common 
to both halves of the triac pellet. 
(The base region is the section 
shown between the dotted lines in 
Fig. 176.) 

Charge is stored in the base when 
current is conducted in either direc¬ 
tion. The amount of charge stored 
at the end of each half-cycle of con¬ 
duction depends on the commutating 
di/dt, i.e., the rate of decrease of 
load current as commutation is ap¬ 
proached. The junction capacitance 
of the triac at commutation is a 
function of the remaining charge at 
that time. The greater the di/dt, 
the more remaining charge, and the 
greater the junction capacitance. 


When the voltage changes direction, 
the remaining charge diffuses into 
the opposite half of the triac struc¬ 
ture. The rate of rise of this voltage 
(commutating dv/dt) in conjunction 
with the junction capacitance results 
in a current flow which, if large 
enough, can cause the triac to re¬ 
vert to the conducting state in the 
absence of a gate signal. 

The commutating dv/dt capability 
is specified in volts per microsecond 
for the following conditions: 

1. the maximum rated on-state cur¬ 
rent [It(RMS)]; 

2. the maximum case temperature 
for the rated value of on-state 
current; 

3. the maximum rated off-state 
voltage (Vdrom); 

4. the maximum commutating di/dt 
(where di/dt = 27rflpk) 

It is apparent, therefore, that the 
frequency (f) of the applied ac 
power is an important factor in 
determination of the commutating 
dv/dt capability of a triac. 

Fig. 177 indicates how the com¬ 
mutating dv/dt capability of a triac 
depends on current and frequency. 
A particular triac has a specific 
commutating dv/dt capability at the 
rated 60-Hz on-state current. If this 


COMMUTATING 

di/dt 



Fig. 177—Dependence of triac commutat¬ 
ing capability on current and frequency. 
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60-Hz on-state current is reduced 
(dashed-line), then its associated 
commutating dv/dt capability is in¬ 
creased. It should be noted that 
as the sine-wave current is de¬ 
creased in magnitude, the commutat¬ 
ing di/dt is also decreased. For a 
400-Hz on-state current of the same 
magnitude, it is evident that the 
commutating di/dt is much greater 
than at 60 Hz and, therefore, the 
commutating dv/dt capability is 
greatly reduced. These relationships 
indicate that a triac capable of 400- 
Hz operation must have an extreme¬ 
ly high commutating capability. 
RCA offers a complete line of triacs 
rated for 400-Hz operation. 

It should be evident that 400 Hz 
is not an upper limit on frequency 
capability for triacs; 400 Hz is a 
characterization point simply be¬ 
cause it is a standard operating fre¬ 
quency. Figs. 178 and 179 indicate 
how the frequency capability of a 
typical RCA 400-Hz triac can be 
increased. Fig. 178 shows that re¬ 
duction of load current increases 
frequency capability. Maximum rated 
junction temperature and minimum 
rated commutating dv/dt are held 
constant for this test of capability. 
Fig. 179 shows the effects of junc¬ 
tion temperature on frequency ca¬ 
pability. For this test, rated current 
and minimum rated dv/dt are held 
constant. Therefore, if a typical 
400-Hz triac is used at less than its 
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Fig. 178—Frequency capability of a 
400-Hz triac as a function of load current. 



Fig. 179—Frequency capability of a 
400-Hz triac as a function of junction 
temperature. 

maximum rated junction tempera¬ 
ture and less than its rated current, 
its frequency capability is greatly 
enhanced. 

One other factor that greatly af¬ 
fects commutating capability is tem¬ 
perature. All commutating charac¬ 
teristic data are specified for maxi¬ 
mum operating case temperature at 
maximum rated steady-state current. 
If the operating case temperature 
is below the rated value, the com¬ 
mutating capability is increased. 

Gate Characteristics 

The manufacturer's specifications 
indicate the magnitudes of gate cur¬ 
rent and voltage required to turn 
on SCR’s and triacs. Gate charac¬ 
teristics, however, vary from device 
to device even among devices within 
the same family. For this reason, 
manufacturer’s specifications on gat¬ 
ing characteristics provide a range 
of values in the form of characteris¬ 
tic diagrams. A diagram such as 
that shown in Fig. 180 is given to 
define the limits of gate currents 
and voltages that may be used to 
trigger any given device of a spe¬ 
cific family. The boundary lines of 
maximum and minimum gate imped¬ 
ance on this characteristic diagram 
represent the loci of all possible 
triggering points for thyristors in 
this family. The curve OA represents 
the gate characteristic of a specific 
device that is triggered within the 
shaded area. 
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Fig. 180 — Gate-characteristic curves for a 
typical RCA SCR. 

Trigger Level—The magnitude of 
gate current and voltage required 
to trigger a thyristor varies in¬ 
versely with junction temperature. 
As the junction temperature in¬ 
creases, the level of gate signal re- 
qured to trigger the thyristor be¬ 
comes smaller. Worst-case triggering 
conditions occur, therefore, at the 
minimum operating junction tem¬ 
perature.' 

The maximum value of gate volt¬ 
age below the level required to 
trigger any unit of a specific thyris¬ 
tor family is also an important gate 
characteristic. At high operating 
temperatures, the level of gate volt¬ 
age required to trigger a thyristor 
approaches the minimum value, and 
undesirable noise signals may inad¬ 
vertently trigger the device. The 
maximum nontriggering gate volt¬ 
age at the maximum operating junc¬ 
tion temperature of the device, 
therefore, is a measure of the noise- 
rejection level of a thyristor. 

The gate voltage and current re¬ 
quired to switch a thyristor to its 
low-impedance state at maximum 
rated forward anode current can 
be determined from the circuit 
shown in Fig. 181. The value of 
resistor R 2 is chosen so that maxi¬ 
mum anode current, as specified in 
the manufacturer’s current rating, 


flows when the device latches into 
its low-impedance state. The value 
of resistor Ri is gradually decreased 
until the device under test is 
switched from its high-impedance 
state to its low-impedance state. The 
values of gate current and gate volt¬ 
age immediately prior to switching 
are the gate voltage and current 
required to trigger the thyristor. 

The gate nontrigger voltage Vgd 
is the maximum dc gate voltage that 
may be applied between gate and 
cathode of the thyristor for which 
the device can maintain its maxi¬ 
mum rated blocking voltage. This 
voltage is usually specified at 
the rated operating temperature 
(100°C) of the thyristor. Noise sig¬ 
nals in the gate circuit should be 
maintained below this level to pre¬ 
vent unwanted triggering of the 
thyristor. 



gate-trigger-pulse requirements of 


thyristors. 

Pulse Triggering—The gate cur¬ 
rent specified in published data for 
thyristors is the dc gate trigger cur¬ 
rent required to switch an SCR or 
triac into its low-impedance state. 
For practical purposes, this dc 
value can be considered equivalent 
to a pulse current that has a mini¬ 
mum pulse width of 50 microseconds. 
For gate-current pulse widths 
smaller than 50 microseconds, the 
pulse-current curves associated with 
a particular device should be used 
to assure turn-on. 

When pulse triggering of a thy¬ 
ristor is required, it is always ad¬ 
vantageous to provide a gate-cur¬ 
rent pulse that has a magnitude 
exceeding the dc value required to 
trigger the device. The use of large 
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trigger currents reduces variations 
in turn-on time, increases di/dt 
capability, minimizes the effect of 
temperature variation on triggering 
characteristics, and makes possible 
very short switching times. When a 
thyristor is initially triggered into 
conduction, the current is confined 
to a small area which is usually the 
more sensitive part of the cathode. 
If the anode-current magnitude is 
great, the localized instantaneous 
power dissipation may result in ir¬ 
reversible damage unless the rate 
of rise of principal current is re¬ 
stricted to tolerable levels to allow 
time for current spreading over a 
larger area. When a much larger 
gate signal is applied, a greater part 
of the cathode is turned on initially; 
as a result, turn-on time is reduced, 
and the thyristor can support a 
much larger peak anode inrush 
current. 

In the past, the maximum value 
of gate signal that could be used to 
trigger a thyristor was severely re¬ 
stricted by minimum dc triggering 
requirements and limitations on 
maximum gate power. The coaxial 
gate structure and the “shorted- 
emitter” construction techniques now 
used in RCA thyristors, however, 
has greatly extended the range of 
limiting gate characteristics. As a 
result, the gate-dissipation ratings 
of RCA thyristors are compatible 
with the power-handling capabilities 
of elements normally used in the 
triggering circuits for thyristors. 
Advantage can be taken of the 
higher peak-power capability of the 
gate to improve dynamic perform¬ 
ance, increase di/dt capability, mini¬ 
mize interpulse jitter, and reduce 
switching losses. This higher peak- 
power capability also allows greater 
interchangeability of thyristors in 
high-performance applications. 

As explained previously, the 
''shorted-emitter” technique makes 
use of the resistance path within 
the gate layer which is in direct 
contact with the cathode electrode 
of the thyristor. When gate current 
is first initiated, most of the cur- 
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rent bypasses the gate-to-cathode 
junction and flows from the resistive 
gate layer to the cathode contact. 
When the IR drop in this gate layer 
exceeds the threshold voltage of the 
gate-to-cathode junction, the current 
across this junction increases until 
the thyristor is triggered. 

When a thyristor is triggered by 
a gate signal just sufficient to turn 
on the device, the entire junction 
area does not start to conduct in¬ 
stantaneously. Instead, as pointed 
out in the discussion on Critical 
Rate of Rise of On-State Current, 
the device current is confined to 
a small area, which is usually the 
most sensitive part of the cathode. 
The remaining cathode area turns 
on as the anode current increases. 
When a much larger signal is ap¬ 
plied to the gate, a greater part of 
the cathode is turned on initially 
and the time to complete the turn-on 
process is reduced. The peak ampli¬ 
tude of gate-trigger currents must 
be large, therefore, when thyristors 
have to be turned on completely in a 
short period of time. Under such 
conditions, the peak gate power is 
high, and pulse triggering is re¬ 
quired to keep the average gate 
dissipation within the values given 
in the manufacturer’s specifications. 
New gate ratings, therefore, are re¬ 
quired for this type of application. 

The forward gate characteristics 
for thyristors shown in Figs. 182 and 
183, indicate the maximum allowable 
pulse widths for various peak values 
of gate input power. The pulse 
width is determined by the relation¬ 
ship that exists between gate power 



Fig. 182 — Forward-gate characteristics for 
pulse triggering of RCA low-currrent 
SCR’s. 
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input and the increase in the tem¬ 
perature of the thyristor pellet 
that results from the application of 
gate power. The curves shown in 
Fig. 182 are for RCA SCR’s that 
have relatively small current ratings 
(2N4101 and 2N4102 types), and the 
curves shown in Fig. 183 are for 
RCA SCR’s that have larger current 



Fig. 183 — Forward-gate characteristics for 
pulse triggering of RCA high-current 
SCR’s. 


ratings (2N3670, 2N3873, and 

2N3899 types). Because the higher- 
current thyristors have larger pel¬ 
lets, they also have greater thermal 
capacities than the smaller-current 
devices. Wider gate trigger pulses 
can therefore be used on these de¬ 
vices for the same peak value of 
gate input power. 

Because of the resistive nature 
of the “shorted-emitter” construc¬ 
tion, similar volt-ampere curves can 
be constructed for reverse gate volt¬ 
ages and currents, with maximum 
allowable pulse widths for various 
peak-power values, as shown in Fig. 
184. These curves indicate that re¬ 
verse dissipations do not exceed the 
maximum allowable power dissipa¬ 
tion for the device. 

The total average dissipation 
caused by gate trigger pulses is the 
sum of the average forward and 
reverse dissipations. This total dissi¬ 
pation should be less than the Maxi¬ 
mum Gate Power Dissipation Pgm 
shown in the published data for the 
selected SCR. If the average gate 
dissipation exceeds the maximum 
published value, as the result of 
high forward gate-trigger pulses 
and transient or steady-state re¬ 
verse gate biasing, the maximum al¬ 


lowable forward-conduction current 
rating of the device must be re¬ 
duced to compensate for the in¬ 
creased rise of junction temperature 
caused by the increased gate power 
dissipation 

The gate-trigger requirements of 
the triac are different in each operat¬ 
ing mode. The mode (gate posi¬ 
tive with respect to main terminal 
1 and main terminal 2 positive with 
respect to main terminal 1), which 
is comparable to equivalent SCR 
operation, is usually the most sensi¬ 
tive. The smallest gate current is 
required to trigger the triac in 
this mode. The other three oper¬ 
ating modes require larger gate- 
trigger currents. For RCA triacs, the 
maximum trigger-current rating in 
the published data is the largest 
value of gate current that is required 



REVERSE GATE CURRENT-A 
(a) 
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Fig. 184—Reverse gate characteristics of 
RCA SCR’s: (a) low-current types; (b) 
high-current types. 
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to trigger the selected device in any 
operating mode. 

Gate Trigger Circuits—The gate 
signal used to trigger an SCR 
or triac must be of sufficient 
strength to assure sustained for¬ 
ward conduction. Triggering require¬ 
ments are usually stated in terms 
of dc voltage and current. Because 
it is common practice to pulse-fire 
thyristors, it is also necessary to 
consider the duration of the fir¬ 
ing pulse required. A trigger pulse 
that has an amplitude just equivalent 
to the dc requirements must be ap¬ 
plied for a relatively long period of 
time (approximately 30 microsec¬ 
onds) to ensure that the gate signal 
is provided during the full turn-on 
period of the thyristor. As the am¬ 
plitude of the gate-triggering signal 
is increased, the turn-on time of the 
thyristor is decreased, and the width 
of the gate pulse may be reduced. 
When highly inductive loads are 
used, the inductance controls the cur¬ 
rent-rise portion of the turn-on time. 
For this type of load, the width of 
the gate pulse must be made long 
enough to assure that the principal 
current rises to a value greater than 
the latching-current level of the de¬ 
vice. The latching current of RCA 
thyristors is always less than twice 
the holding current. 

The application usually determines 
whether a simple or somewhat 
sophisticated triggering circuit 
should be used to trigger a given 
thyristor. Triggering circuits can be 
as numerous and as varied as the 
applications in which they are used; 
this text discusses the basic types 
only. 

Many applications require that a 
thyristor be switched full on or full 
off in a manner similar to the opera¬ 
tion of a relay. Although higher 
currents are handled by the thyristor, 
only small trigger or gate currents 
are required from the control circuit 
or switch. The simplest method of 
accomplishing this type of trigger¬ 
ing is illustrated in Fig. 155. 
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Fig. 185—Degree of control over conduc¬ 
tion angles when ac resistive network is 
used to trigger SCR's and triacs. 

Each circuit shows a variable re¬ 
sistor in the gate circuit to control 
the conduction angle of the thyristor. 
The waveforms indicating the de¬ 
gree of control exercised by the 
variable resistance are also shown 
in Fig. 185. With maximum resist¬ 
ance in either circuit, the thyristor is 
off. As the resistance is reduced 
in the SCR circuit, a point is reached 
at which sufficient gate trigger cur¬ 
rent is provided at the positive peak 
of the voltage wave (90 degrees) to 
trigger the SCR on. The SCR con¬ 
ducts from the 90-degree point to 
the 180-degree point for a total con¬ 
duction angle of (180 — 90), or 90 
degrees. In the triac circuit, as the 
resistance is reduced, the gate cur¬ 
rent increases until the triac is 
triggered at both the peak positive 
(90 degrees) and peak negative (270 
degrees) points on the voltage wave. 
The triac then conducts between 90 
degrees and 180 degrees, and be¬ 
tween 270 degrees and 360 degrees 
for a total conduction angle of 180 
degrees. The conduction angles of 
both the SCR and the triac can be 
increased by further reduction of 
the resistance in the gate circuits. 
For the SCR, the firing point is 
moved back from 90 degrees toward 
zero for a total conduction angle 
approaching 180 degrees. The triac 
firing points can also be movsd 
back from 90 degrees toward zero 
for the positive half-cycle and from 
270 degrees toward 180 degrees for 
the negative half-cycle to obtain a 
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total conduction angle approaching 
360 degrees. 

An easier method of obtaining a 
phase angle greater than 90 degrees 
for half-wave operation is to use 
a resistance-capacitance triggering 
network. Fig. 186 shows the simplest 
form of such networks for use with 
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Fig. 186—RC triggering networks used for 
phase-control triggering of thyristors. 


an SCR and a triac. The thyristor 
is in series with the load and in 
parallel with the RC network. At 
the beginning of each half-cycle 
(positive half-cycle only for the 
SCR), the thyristor is in the off 
state. As a result, the ac volt¬ 
age appears across the thyristor 
and essentially none appears across 
the load. Because the thyristor is 
in parallel with the potentiometer 
and capacitor, the voltage across the 
thyristor drives current through the 
potentiometer and charges the ca¬ 
pacitor. When the capacitor voltage 
reaches the breakover voltage of the 
thyristor, the capacitor uischs^ges 
through the gate circuit and turns 
the thyristor on. At this point, the 


ac voltage is transferred from the 
thyristor to the load Rl for the re¬ 
mainder of the half-cycle. If the 
potentiometer resistance is reduced, 
the capacitor charges more rapidly, 
and the breakover voltage is reached 
earlier in the cycle; as a result, 
the power applied to the load is in¬ 
creased. 

The gate trigger voltage can be 
more closely controlled in simple 
resistance or resistance-capacitance 
circuits by use of a variety of special 
triggering devices. Basically, a thy¬ 
ristor triggering device exhibits a 
negative resistance after a critical 
voltage is reached, so that the 
gate-current requirement of the 
thyristor can be obtained as a pulse 
from the discharge of the phase- 
shift capacitor. Because the gate 
pulse need be only microseconds in 
duration, the gate-pulse energy and 
the size of the triggering compon¬ 
ents are relatively small. Trigger¬ 
ing circuits of this type employ 
elements such as neon bulbs, diacs, 
unijunction transistors, and two- 
transistor switches. 

Fig. 187 shows a light-dimming 
circuit in which a diac is used to 
trigger a triac. The voltage-current 
characteristic for the diac in this 
circuit is shown in Fig. 188(a). The 



Fig. 187—A light-dimmer circuit in wMdk 
a diac is used to trigger a triac. 


magnitude and duration of the 
gate-current pulse are determined 
by the interaction of the capacitor 
Cl, the diac characteristics, and the 
impedance of the thyristor gate. 
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Fig. 188(b) shows the typical shape 
of the gate-current pulse that is 
produced. 


MEGATIVE 

RESISTANCE 



NEGATIVE 

RESISTANCE 
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Fig. 188 — (a) Voltage-current characteris¬ 
tic for triggering device (diac) and (b) 
typical gate-current waveform for circuit 
shown in Fig. 187. 


TRANSIENT PROTECTION 

Voltage transients occur in elec¬ 
trical systems when some disturb¬ 
ance disrupts the normal operation 
of the system. These disturbances 
may be produced by various sources 
(such as lighting surges, energiz¬ 
ing transformers, and load switch¬ 
ing) and may generate voltages 
which exceed the rating of the thy¬ 
ristors. In addition, transients gen¬ 
erally have a fast rate of rise that 
is usually greater than the critical 
value for the rate of rise of the 
thyristor off-state voltage (static 
dv/dt). 

If transient voltages have magni¬ 
tudes far greater than the device 


rating, the thyristor may switch 
from the off state to the on state, 
and energy is then transferred from 
the thyristor to the load. Because 
the internal resistance of the thyris¬ 
tor is high during the on state, 
the transients may cause consider¬ 
able energy to be dissipated in the 
thyristor before breakover occurs. 
In such instances, the transient volt¬ 
age exceeds the maximum allow¬ 
able voltage rating, and irreversible 
damage to the thyristor may occur. 

Even if the magnitude of a tran¬ 
sient voltage is within the maximum 
allowable voltage rating of the thy¬ 
ristor, the rate of rise of the tran¬ 
sient may exceed the static dv/dt 
capability of the thyristor and cause 
the device to switch from the off 
state to the on state. This condi¬ 
tion also results in transfer of en¬ 
ergy from the thyristor to the load. 
In this case, thyristor switching 
from the off state to the on state 
does not occur because the maximum 
allowable voltage is exceeded but, 
instead, occurs because of the fast 
rate of rise of off-state voltage 
(dv/dt) and the thyristor capaci¬ 
tance, which result in a turn-on 
current i = Cdv/dt. Thyristor 
switching produced in this way is 
free from high-energy dissipation, 
and turn-on is not destructive pro¬ 
vided that the current that results 
from the energy transfer is within 
the device capability. 

In either case, transient suppres¬ 
sion techniques are employed to 
minimize the effects of turn-on be¬ 
cause of overvoltage or because the 
thyristor dv/dt capability is ex¬ 
ceeded. 

One of the obvious solutions to 
insure that transients do not ex¬ 
ceed the maximum allowable volt¬ 
age rating is to provide a thyristor 
with a voltage rating greater than 
the highest transient voltage ex¬ 
pected in a system. This technique, 
however, does not represent an 
economical solution because, in most 
cases, the transient magnitude, 
which is dependent on the source of 
transient generation, is not easily 
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defined. Transient voltages as high 
as 2600 volts have resulted from 
lighting disturbances on a 120-volt 
residential power line. Usually, the 
best solution is to specify devices 
that can withstand voltage from 2 
to 3 times the steady-state value. 
This technique provides a reason¬ 
able safety factor. The effects of 
voltage transients can further be 
minimized by use of external circuit 
elements, such as RC snubber net¬ 
works across the thyristor terminals, 
as shown in Fig. 189. The rate at 



Fig. 189—Circuit showing use of RC 
snubber network to minimize effects of 
voltage transients and use of an inductance 
in series with the load for suppression of 
transient rise times. 


which the voltage rises at the thyris¬ 
tor terminal is a function of the load 
impedance and the values of the re¬ 
sistor R and the capacitor C in the 
snubber network. Because the load 
impedance is usually variable, the 
preferred approach is to assume a 
worst-case condition for the load 
and, through actual transient meas¬ 
urement, to select a value of C that 
provides the minimum rate of rise 
at the thyristor terminals. The snub¬ 
ber resistance should be selected to 
minimize the capacitor discharge 
currents through the thyristor dur¬ 
ing turn-on. 

For applications in which it is 
necessary to minimize false turn¬ 
on because of transients, the addi¬ 
tion of a coil in series with the 
load, as shown in Fig. 189, is very 


effective for suppression of transient 
rise times at the thyristor termi¬ 
nals. For example, if a transient of 
infinite rise time is assumed to oc¬ 
cur at the input terminals and if the 
effects of the load impedance are 
neglected, the rise time of the tran¬ 
sient at the thyristor terminals is 
approximately equal to Epk/^/LC. 
If the value of the added inductor 
L is 100 microhenries and the value 
of the snubber capacitor C is 0.1 
microfarad, the infinite rate of rise 
of the transient at the thyristor 
terminals is reduced by a factor 
of 3. For a filter network consisting 
of L = 100 microhenries, C = 22 
microfarads, and R = 47 ohms, a 
1000-volt-per-microsecond transient 
that appears at the input terminals 
is suppressed by a factor of 6 at 
the thyristor terminals. 


RFI SUPPRESSION 


The fast switching action of triacs 
when they turn on into resistive 
loads causes the current to rise to 
the instantaneous value determined 
by the load in a very short period 
of time. Triacs switch from the 
high- to the low-impedance state 
within 1 or 2 microseconds; the cur¬ 
rent must rise from essentially zero 
to full-load value during this period. 
This fast switching action produces 
a current step which is largely com¬ 
posed of higher-harmonic frequen¬ 
cies of several megahertz that have 
an amplitude varying inversely as 
the frequency. In phase-control ap¬ 
plications, such as light dimming, 
this current step is produced on each 
half-cycle of the input voltage. Be¬ 
cause the switching occurs many 
times a second, a noise pulse is gen¬ 
erated into frequency-sensitive de¬ 
vices such as AM radios and causes 
annoying interference. The ampli¬ 
tude of the higher frequencies in 
the current step is of such low levels 
that they do not interfere with tele- 
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vision or FM radio. In general, the 
level of radio-frequency interference 
(RFI) produced by the triac is well 
below that produced by most ac/dc 
brush-type electric motors; how¬ 
ever, some type of RFI suppression 
network is usually added. 

There are two basic types of 
radio-frequency interference (RFI) 
associated with the switching action 
of triacs. One form, radiated RFI, 
consists of the high-frequency en¬ 
ergy radiated through the air from 
the equipment. In most cases, this 
radiated RFI is insignificant unless 
the radio is located very close to 
the source of the radiation. 

Of more significance is conducted 
RFI which is carried through the 
power lines and affects equipment 
attached to the same power lines. 
Because the composition of the cur¬ 
rent waveshape consists of higher 
frequencies, a simple choke placed 
in series with the load increases 
the current rise time and reduces 
the amplitude of the higher har¬ 
monics. To be effective, however, 
such a choke must be quite large. 
A more effective filter, and one that 
has been found adequate for most 
light-dimming applications, is shown 
in Fig. 190. The LC filter provides 


adequate attenuation of the high- 
frequency harmonics and reduces 
the noise interference to a low level. 
The capacitor connected across the 
entire network bypasses high-fre¬ 
quency signals so that they are not 
connected to any external circuits 
through the power lines. 

Fig. 191 shows a triac control cir¬ 
cuit that includes RFI suppression 
for the purpose of minimizing high- 
frequency interference. The values 
indicated are typical of those used 
in lamp-dimmer circuits. 
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Fig. 191 — Lamp-control circuit incorporat¬ 
ing RFI suppression. 
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Fig. 190 — RFI-suppression networks (C — 
0.1 gF, 200 V at 120 V ac; 0.1 ixF, 400 V 
at 240 V ac). 


RCA PRODUCT MATRICES 


The product matrices shown in 
Tables XXI and XXII indicate the 
wide range of operating voltages 
and currents and the variety of 
package configurations offered by the 
extensive selection of RCA triacs 
and SCR's. Detailed ratings and 
characteristics data on all currently 
available commercial types of RCA 
thyristors are given in the RCA 
Solid State DATABOOK Series 
SSD-206, “Thyristors, Rectifiers, 
and Diacs,” or in the RCA technical 
bulletins on each device. The file 
numbers for the technical bulletins 
are listed in the product matrices. 
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Table XXI—RCA Triac Product Matrix (cont’d) 


R( 

Tr 

:a 

iacs 

TO-66 

With 

Heat 

Radiator 


V 

rO-220AE 

ERSAWA 

rr 



Press Fit 


STANDARD | 

It(RMS) 

60A 

6A 

6A 

8 0A 

BA 

8A 


10.0A 

15.OA 

‘TSM__ 

100A 

60A 

BOA 

100A 

100 A 

100A 


100A 

100A 

VdROM<VI 100 






T2850A 




200 

T2710B 

T2500B 

T28018 

T2800B 

T2802B 

T2850B 


2N5567 

2N5571 

300 



T2801C 

T2800C 

T2802C 





400 

T2710D 

T2500D 

T2801O 

T2800D 

T2802D 

T2850D 


2N5568 

2N5572 

500 



T2801E 

T2800E 

T2802E 





600 




T2800M 

T2802M 



T4101M 

T4100M 

800 










1+, 111- 

25 

25 

80 

25 

50 

25 


25 

50 

1-. 111 + 

40 

60 

- 

60 

- 

60 


40 

80 

Vgt(V) 

All Modes 

2,2 

25 

4.0^ 

2 5 

25^ 

2.5 


2.5 

2.5 

File No. 

351 

615 

837 

838 

838 

540 


457 

458 

ZERO VOLTAGE 
SWITCH 

VDROM(V) 100 










200 

T2716B 



T2806B 




T4107B 

T4106B 

400 

T2716D 



T2806D 




T4107D 

T4106D 

500 




1- 






600 










IGtI'tiAI 

45 



45 




45 

45 

i VgtIV) 

1.5 



15 




1,5 

1.5 

File No. 

406 



406 




406 

406 

40O-HZ 

OPERATION 

IjIFIMSI 






1 

6A 

10.A 

'15.0A 

VdromIvi 

200 







T4105B 

T4104B 

T4103B 

400 






-1 

T4105D 

T4104D 

T4103D 

•GT^f’iA) 

1+, 111- 







50 

50 

50 

1- 111 + 







80 

80 

80 

^ Vgt<V) 

All Model 







2.5 

2.5 

2.5 

1 File No. 







443 

443 

443 


* ISOWATT — Mounting tab electrically isolated from electrodes. 111~ only. 
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Table XXI—RCA Triac Product Matrix (cont’d) 


RC 

Tri 

A 

acs 

Isolatec 

iStud 



Stu 

d* 



STANDARD | 

IjfRMSI 

— 



80A 

60A 

80A 

60A 

80A 

•tsm 

IIIEQ3III 

300A 

600A 

850A 

600A 

850A 

600A 

850A 

Vdrom<v» 100 









200 

T6421B 

T6420B 

T8401B 

T8430B 

T8411B 

T8440B 

T8421B 

T8450B 

400 

T6421D 

T6420O 

T8401D 

T8430D 

T8411D 


T8421D 

T8450D 

500 









600 




T8430M 

T8411M 


EESm 


800 


im2S3Sii 

iHm 






1+. Ill- 

50 

50 

H 

75 

75 

75 

75 


1-. 111 + 

80 

80 

ISO 



150 

150 


Vgt(V) 

All Modes 

2.5 

2.5 

2.8 

mum 

imiiiiiiiiu 

2.5 

2.8 


File No. 

459 

593 

725 

549 

725 

549 

725 


2ERO VOLTAGE 
SWITCH 










200 





IHHIHi 

IHHHI 

!■■■■ 

ibihh: 

400 









500 









600 


















vgtIvi 

i+, 111+ 









File No. 









400-HZ 

OPERATION 

It(HMS) 









VdromIV) 200 









400 









i+. 111- 









1-7 111 + 









vgt<v) 

All Modes 









File No. 










* Package has factory-attached flexible leads for main terminals 1 and 2. 
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Table XXII—RCA SCR 


Product Matrix 


RCA 

SCR's 

TO 

-8 




TO-66 




•t(RMS) 




FTO 

5.0A 

FTO 

5.0A 

FTO 

5A 

FTO 

5.0A 

FTO 

5.0A 

FTO 

5.0A 

•tsm 

60A 

200A 

60A 

80A 

80A 

80A 

75A(lpM) 

50A 

50A 

VdROM 

BQHIII 

umiiiiiiiBi 

hhhhi 

jMIIIIIIIIIH: 


IIHHlIIIIH 

BBlIIIIIIIIH 

HiHIliH 

HIHHi 


vrrom(v) 











30 










50 










100 


S2400A 




S3704A 




150 










200 

2N3528 

S2400B 

2N3228 


S3700B 

S3704B 




250 










300 










400 

2N3529 

S2400D 

2N3525 


S3700D 

S3704D 




500 




S3706 E 






600 

2N4102 

S2400M 

2N4101 

S3705M 

S3700M 

S3704M 

S3701M 



700 






S3704S 


S3702S 


750 









S3703SF 

800 











15 

15 

15 

30 

40 

40 

35 

45 

40 

Vgt(VI 

2 

2 

2 

4 

3.5 

3.5 

4 

4 

4 

File No. 

114 

567 

114 

839 

306 

690 

476 

522 

522 


RCA 

SCR'S 

TO-6 

Heat 

3 With 

Rad 

Low 

Profile 

Mod. 

TO-5 

TO-5 

With 

Heat 

Rad. 

TO-5 

With 

Heat 

Spreader 


TO-220 

VERSAW 

ATT 


It(Rms) 

5.0A 

FTO 

5A 

7.0A 

3.3A 

7.0A 

4.0A 

4.0A 

4A 

8.0A 

'tsm 

60A 

80A 

100A 

100A 

100A 

35A 

35A 

3SA 

100A 

VdROM 15 






S2060Q 

S2061Q 

S2062Q 


VrROM(V) 25 










30 






S2060Y 

S2061Y 

S2062Y 


50 






S2060F 

S2061F 

S2062F 


100 


S3714A 




S2060A 

S2061A 

S2062A 

S2800A 

150 










200 

S2710B 

S3714B 

S2600B 

S2610B 

S2620B 

S2060B 

S2061B 

S2062B 

S2800B 

250 










300 






S2060C 

S2061C 

S2062C 


400 

S2710D 

S3714D 

S2600D 

S2610D 

S2620D 

S20600 

S2061D 

S2062D 

S2800D 

500 






S2060E 

S2061E 

S2062E 


600 

S2710M 

S3714M 

S2600M 

S2610M 

S2620M 

S2060M 

S2061M 

S2062M 


700 


S3714S 








750 










800 










IGtI'T'AI 

15 

40 

15 

15 

15 

0.2 

0.5 

2 

15 

Vgt'V) 

2 

3.5 

1.5 

1.5 

1.5 

0.8 

0.8 

0.8 

1.5 

File No. 

266 

690 

496 

496 

496 

654 

654 

654 

501 


FTO — Fast Turn-Off 
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Table XXII—RCA SCR 


Product Matrix (cont’d) 


RCA 

SCR's 

Stud 

TO-3 

Press 

Fit 

Stu 

d 

Isolatec 

1 Stud 

It(RMS) 

10A 

12.5A 

20.0 A 

35.0A 

20.0A 

35. OA 

20.OA 

35.0A 

'TSM 

90A 

200A 

200A 

350A 

200A 

350A 

200a 

350A 

^DROM 15 









Vrrom(V) 25 









30 









50 









100 


2 N3668 

S6200A 

2N3870 

S6210A 

2N3896 

S6220A 

S6420A 

150 









200 

S5210B 

2N3669 

S620OB 

~2N3871 

S6210B 

2N3897 

S6220B 

S6420B 

250 









300 









400 

S5210D 

2N3670 

S6200D 

2N3872 

S6210D 

2N3898 


S6420D 

500 







IBHIli 

■■i 

600 

S5210M 

2N4103 

S6200M 

2N3873 

S6210M 

2 N3899 


wsmmm 

700 








mgm 

750 







■■■ 


800 




S6400N 


S641QN 

■■■■ 



40 

40 

~~i5 

40 

15 

40 

bB 


Vgt(V) 

3.5 

2 

2 

2 

2 

2 


ri - 

File No. 

757 

116 

418 

578 

418 

578 


578 


For Horizontal-Deflection Circuits 


RCA 

SCR's 



TO-48 



ItIRMSI 

— 

16.0A 

25.0A 

Pul. 

FTO 

FTO 





Mod. 

35.0A 

35.0A 

35A 

1 'TSM 

125A 

150A 

150A 

180A 

250A 

1 VdroM 

15 






1 Vrrom(V) 

25 

2N1842A 

2N681 




30 






50 

2N1843A 

2N682 



2N3654 

100 

2N1844A 

2N683 


2N3650 

2N3655 

150 

2N1845A 

2N684 




200 

2N1846A 

2N685 

_ 

2N3651 

2N3656 

250 

2N1847A 

2N686 




300 

2N1848A 

2N687 


2N3652 

2N3657 

400 

2N1849A 

2N688 


2N3653 

2N3658 

500 

2N1850A 

2N689 




600 


2N690 

S6431M 

S7430M 

S7432M 

700 






750 






800 







45 

25 

1 80 

180 

180 

Vgt'VI 

3.5 

3 

2 

3 

3 

File No. 

28 

96 

[247 

408 

724 



TO 

66 

IT(RMS) 

trace 

5A 

RETRACE 

5A 

'TSM 

50A 

50A 

VOROMIVI 400 


S3800D 

500 

S3800E 


550 


S3800EF 

600 


S3800M 

650 

S3800MF 


700 


S3800S 

750 

S3800SF 



40 

45 

Vgt'V) 

4 

4 

File No. 

639 

639 


‘Integrated Thyristor/Rectifier 


FTO — Fast Turn-Off 
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Integrated Circuits for 
Linear Applications 


T he design of linear (analog) cir¬ 
cuits involves selection and inter¬ 
connection of an optimum combi¬ 
nation of active and passive compo¬ 
nents to accomplish a particular 
signal-processing function with due 
consideration to factors such as effi¬ 
ciency, reliability, and cost. This 
general rule is valid whether discrete 
components and/or integrated cir¬ 
cuits are employed. 

The advent of integrated circuits 
has freed the system designer from 
a considerable amount of detailed 
work because the integrated-circuit 
industry now offers him a vast selec¬ 
tion of “function blocks^^ (e.g., 
amplifiers, voltage regulators, com¬ 
parators, and a large variety of 
special-purpose circuits). Because 
these predesigned electronic function 
blocks are readily available, the cir¬ 
cuit designer can quickly synthesize 
and test a complex system with the 
assurance that the integrated-circuit 
manufacturer has already spent con¬ 
siderable effort in optimizing the 
detailed design of each function 
block. For example, the design of a 
power-supply is simplified consid¬ 
erably by selection of an appropriate 
integrated-circuit voltage regulator. 

In order to “partition’^ a particu¬ 
lar system most effectively, the pro¬ 
ficient designer must acquire and 
maintain a familiarity with the 
available integrated-circuit types 
and their characteristics. It is per¬ 
tinent, therefore, to review the func¬ 
tional classification of integrated 


circuits for linear circuit applica¬ 
tions and describe illustrative ex¬ 
amples. The following list indicates 
the various functional classes of 
RCA integrated circuits available 
for use in linear applications: 

Active-Device Arrays 
Transistor Arrays 
Diode Arrays 

Thyristor/Transistor Arrays 
Transistor/Zener-Diode Arrays 

Differential Amplifiers 

Operational Amplifiers (Op-Amps) 
Operational Voltage Amplifiers 
Operational Transconductance 
Amplifiers 

Comparators 

Power-Control Circuits 
Voltage Regulators 
Zero-Voltage Switching Circuits 
Programmable Power Switches 


Special-Purpose Circuits 
AM and FM Radio Receiver Cir¬ 
cuits (including stereo decoders 
and audio amplifiers) 

TV Receiver Circuits 
Analog Multipliers 
Phase-Locked Loops 
Analog Timing Circuits 
Optoelectronic Circuits 
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INTEGRATED-CIRCUIT 

ARRAYS 

Integrated-circuit transistor and 
diode arrays provide many of the in¬ 
herent advantages of monolithic in¬ 
tegrated circuits without the limita¬ 
tions sometimes encountered in 
integrated circuits that contain pas¬ 
sive circuit elements (e.g., resistors). 
They offer the designer a unique 
class of solid-state devices that fea¬ 
ture matched electrical and thermal 
characteristics, compactness, ease of 
physical handling, and economy. 

Before examining specific designs 
of integrated-circuit arrays it is in¬ 
structive to summarize some major 
advantageous characteristics ex¬ 
hibited by transistors and diodes 
fabricated within a common silicon 
substrate. 


Transistor Arrays 

Fig. 192 shows the configuration 
of a very popular integrated-circuit 
transistor array. This array, the 
CA3046, contains three independent 
n-p-n transistors plus two other 
n-p-n transistors with intercon¬ 
nected emitters. Electrical-match 
characteristics of the two emitter- 
coupled transistors (Qi and Q 2 ) have 
been specified for applications that 



Matched voltage-transfer charac¬ 
teristics: The base-to-emitter volt¬ 
age of two integrated-circuit transis¬ 
tors operated at the same emitter 
current typically are matched to 
within 2 to 3 per cent over the cur¬ 
rent range of 50 microamperes to 1 
milliampere. 

Matched current-transfer charac¬ 
teristics: The current-transfer char¬ 
acteristics of two juxtaposed inte¬ 
grated-circuit transistors typically 
are matched to within 2 to 3 per 
cent over the current range of 50 
microamperes to 1 milliampere. 

Matched thermal characteristics: 
If no power were dissipated on the 
integrated-circuit chip, all transis¬ 
tors on the same chip would be at 
the same temperature. Consequently, 
even at the outset, the use of inte¬ 
grated-circuit transistors can offer 
advantages over discrete transistors 
when a particular circuit requires 
thermal-tracking between several 
active components. Thermal-track¬ 
ing techniques that would be imprac¬ 
tical with discrete transistors can 
be successfully executed by use of 
integrated-circuit arrays. 


Fig. 192 — CA3046 integrated-circuit tran¬ 
sistor array. 

require electrical similarity (e.g., 
differential amplifiers and current- 
mirrors). For example, the specified 
maximum magnitude of input offset 
voltage for this pair of transistors 
is 5 millivolts (Vce = 3 volts, Ic = 
1 milliampere). 

The applications for the transis¬ 
tor array shown in Fig. 192 are vir¬ 
tually as varied as is the case for 
discrete transistors with similar 
characteristics. A wide variety of 
bipolar transistor arrays is avail¬ 
able for use at supply voltages up 
to about 40 volts with average- 
current capabilities in some types of 
up to 100 milliamperes. Several types 
have n-p-n and p-n-p transistors on 
the same monolithic chip. One type, 
the CA3097E, contains an assort¬ 
ment of devices, viz., a programmable 
unijunction transistor (PUT), a sili¬ 
con-controlled rectifier (SCR), a 
zener diode, a composite combination 
of n-p-n and p-n-p transistors, and 
an n-p-n transistor of 100 milli¬ 
ampere capability. 

Another example of an inte¬ 
grated-circuit transistor array, the 
CA3600E, is shown in Fig. 193. This 
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Fig. 193 — CA3600E COS/MOS integrated- 
circuit transistor array. 

array consists of three n-channel 
and three p-channel enhancement- 
type MOS transistors, i.e., COm- 
plementary-Symmetry MOS (COS/ 
MOS) Field-Effect Transistors. These 
transistors are uniquely suitable for 
service in complementary-symmetry 
circuits at supply voltages in the 


range of 3 to 15 volts and are useful 
at frequencies up to 5 MHz (un¬ 
tuned). Each transistor in the 
CA3600E can conduct currents up 
to 10 mA. The transistors feature 
very high input resistance (10“ 
ohms, typically) and low gate-termi¬ 
nal current (10 picoamperes, typi¬ 
cally). Integral gate-protection cir¬ 
cuitry is provided in the CA3600E. 

Fig. 194 shows the schematic dia¬ 
gram of a single-stage “true-com¬ 
plementary’^ linear amplifier that 
uses one pair of the complementary 
MOS transistors in the CA3600E 
connected in a common-source cir¬ 
cuit. Resistor Rb is used to bias the 
complementary pair of transistors 
for class A operation, and resistor 
Rs represents the source resistance 
of the signal source. The curves in 
Fig. 195 show the voltage gain of 
the amplifier as a function of operat¬ 
ing frequency for various supply 
voltages. This amplifier can produce 
very high output-swing voltages 
(Vout) ; for example, its output volt¬ 
ages can swing within several milli¬ 
volts of either supply voltage “rail”. 
At a supply voltage of 3 volts, the 
amplifier typically requires only 0.3 
microamperes of supply-current; at 
a supply voltage of 10 volts, it con¬ 
sumes 2.2 milliamperes typically. 


+Vdd 



<V0UT^ 


92CS-2I528 


Fig. 194 — COS/MOS transistor-pair biased for linear-mode operation. 
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92CS-250I2 


Fig. 195—Typical voltage gain as a func¬ 
tion of frequency characteristics for ampli¬ 
fier circuit shown in Fig. 194. 


Diode Arrays 

Fig, 196 shows the configuration 
of a typical integrated-circuit diode 
array, the CA3039, together with 
some of its electrical characteristics. 
Because all the diodes in the CA3039 
array are fabricated simultaneously 
on a single silicon chip, they have 



Vp = 0.90V (max.) at Ip = 10 mA 
Vp = 0.69V (max.) at Ip = 50 juA 
Diode offset voltage 

.5 mV (max.) at Ip = 1 mA 

PIV for D1 through D5.5V 

DC Leakage Current 

.100 nA (max.) at Vr = —4V 

Reverse Recovery Time 

.InS (typ.) 

Total Device Dissipation 

. 600 mW (max.) 

Cd = 0.65 pF (typ.) at Vr = -2V 
10-Lead TO-5 Package 

Fig. 196—Schematic diagram and some 
characteristics of the CA3039 integrated- 
circuit diode array. 


nearly identical characteristics, and 
their parameters track each other 
with temperature variations as a 
result of their close physical prox¬ 
imity. The temperature coefficient of 
the diode offset voltage variation is 
typically about 1 microvolt per '‘C. 
Excellent static and dynamic match¬ 
ing of the diodes makes them par¬ 
ticularly useful in communications 
and switching systems that require 
balanced or bridge circuitry. 

The diodes in the CA3039 are ac¬ 
tually diode-connected transistors, 
connected as shown in Fig. 197. This 
connection provides a low-voltage 
diode with low series resistance for 
general-purpose use. It should be 
noted that any of the transistors 
shown in Fig. 192 can be diode- 
connected in accordance with Fig. 
197 to provide a diode which is rea- 


Q+ Q + 



92CS-25774 

Fig. 197—Diagram showing use of a tran¬ 
sistor as a diode. 

sonably well matched to transistors 
on the same chip. Connection of the 
collector and base of a monolithic 
transistor to serve as the anode of 
the diode provides a two-element de¬ 
vice which has a good electrical and 
thermal match to other transistors 
on the chip for use in thermal-com¬ 
pensation circuitry. 

At this juncture, it is also appro¬ 
priate to observe that the emitter- 
base junction of a monolithic tran¬ 
sistor (such as those shown in Pig. 
192) may be biased in the reverse 
direction to provide a zener diode. 
The generic connection scheme for 
such a zener-equivalent element is 
shown in Fig. 198(a). When tran¬ 
sistors like those in the CA3046 
(shown in Fig. 192) are used, the 
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zener voltage is approximately 7 
volts, and the dynamic impedance 
is in the range of 60 to 100 ohms. 
In this connection [Fig. 198(a)], 
the zener diode exhibits a positive 
temperature coefficient in the order 
of 2 millivolts per °C. When a lower 
dynamic impedance is desired, a 
transistor may be used as an emitter- 


+ + 



Fig. 198—Diagrams showing (a) use of a 
transistor emitter-base junction to provide 
a zener diode, (b) connection of a transis¬ 
tor emitter-follower to provide lower dy¬ 
namic impedance, and (c) a temperature- 
compensated zener diode. 

follower for the diode, as shown in 
Fig. 198(b). This configuration pro¬ 
vides an equivalent zener voltage of 
approximately 6.3 volts with a tem¬ 
perature coefficient of 4-4 millivolts 
per ®C. Fig. 198(c) shows an ar¬ 
rangement for a higher-impedance 
zener-diode equivalent which is 
more nearly temperature-compen¬ 
sated; this diode provides a zener 
voltage of approximately 7.7 volts. 


DIFFERENTIAL AMPLIFIERS 

The balanced differential amplifier 
shown in Fig. 199 is the basic con¬ 
figuration used to provide signal gain 
in linear integrated circuits. This 
configuration is the fundamental 
building block for a broad line of 
RCA all-monolithic-silicon integrated 
circuits designed for a wide variety 
of linear applications at frequencies 
from dc into the vhf region. The 
differential pair of monolithic tran¬ 
sistors Qi and Q 2 function in the 
same way as a pair of discrete tran¬ 
sistors operated in a similar circuit 
configuration. The superior match 
of the integrated-circuit transistors, 
however, permits substantially better 
balanced operation than a discrete- 
transistor circuit. 

Basic Circuit 

The currents to the emitter-coupled 
differential transistors (Qi and Q 2 ) 
are supplied from a controlled con¬ 
stant-current source (either a tran¬ 
sistor or a resistor). Temperature- 
compensating networks can be 
readily incorporated as an integral 
part of the controlled-source cir¬ 
cuit to assure that circiut gain, dc 
operating point, and other impor¬ 
tant characteristics vary as required 
over the operating temperature 
range. The differential amplifier 



Fig. 199—Balanced differential-amplifier 
configuration used as the basic gain stage 
for RCA linear integrated circuits. 
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shown in Fig. 199 is connected to 
operate from symmetrical dual posi¬ 
tive and negative supply voltages 
(V^ and V ). Single-supply opera¬ 
tion is also feasible, but requires an 
external voltage-divider network for 
proper biasing of the bases of the 
transistors. 

The balanced differential amplifier 
may be considered as two symmetri¬ 
cally arranged “half-circuits,^^ each 
with a transistor (Qi or Q 2 ) and a 
load resistor (Rci or Rc 2 ). If the 
characteristics of the transistor-re¬ 
sistor pairs are identical, the two 
“half-circuits” are perfectly matched 
and can be mated without introduc¬ 
tion of a circuit unbalance when 
the emitters of Qi and Q 2 are joined 
and the transistors are operated from 
common dc supplies. If the two in¬ 
put voltages Vbi and Vb2 are either 
zero or equal in magnitude and of 
the same polarity, the amplifier does 
not become unbalanced because the 
collector currents Ici and Ic 2 remain 
equal; a zero voltage difference, 
therefore, is maintained between the 
collectors of transistors Qi and Q 2 . 

It is apparent from Fig. 199 that 
the sum of the emitter currents Iei 
and Ie 2 is always equal to the con¬ 
stant source current lo. Conse¬ 
quently, an increase in one of the 
emitter currents is accompanied by 
an equal decrease in the other emit¬ 
ter current. This current relation¬ 
ship, of course, depends upon the 
quality of the constant-current 
source. 

When the base of transistor Qi 
is driven positive with respect to 
the base of transistor Q 2 (i.e., a dif¬ 
ferential input is applied), the cur¬ 
rent through Qi increases, and the 
current through Q 2 decreases equally 
so that the source current lo remains 
constant. For these conditions, Ici 
is larger than Ic 2 and a voltage dif¬ 
ference is developed between the 
transistor collectors such that the 
collector voltage of Q 2 is more posi¬ 
tive than the collector voltage of 
Qi. The differential input voltage, 
therefore, produces a differential 


output voltage. This sequence of 
events describes the operation of the 
differential amplifier in the differ¬ 
ential-input, differential-output mode. 

The differential amplifier is a 
versatile configuration that offers a 
number of circuit-connection modes. 
For example, if the voltage Vbi alone 
increases in a positive direction with 
respect to ground, the voltage at the 
collector of Qi decreases with re¬ 
spect to ground. With the output 
taken from the collector of Qi, the 
differential amplifier, then, operates 
as though it were merely a classical 
single-stage, phase-inverting tran¬ 
sistor amplifier. This type of opera¬ 
tion is referred to as the single- 
ended-input, single-ended-output in¬ 
verting mode of the differential am¬ 
plifier. 

In view of the fact that an increase 
in the current through Qi results in 
an attendant decrease in the current 
through Q 2 (to maintain a constant 
lo), a positive-going increase in Vbi 
alone also results in an increase in 
the voltage at the collector of Q 2 
with respect to ground. With the out¬ 
put taken from the collector of Q 2 , 
the differential amplifier then oper¬ 
ates in the single-ended-input, single- 
ended-output noninverting mode, i.e., 
merely as a classical single-stage 
non-inverting transistor amplifier. 

The differential amplifier may also 
be operated in the differential-input, 
single-ended output mode. In this 
mode of operation, the output volt¬ 
age is coupled from the collector of 
either Qi or Q 2 in response to a 
differential input voltage (Vbi — 
Vb 2 ) applied between the bases of 
the two transistors. 

The ratio of the change in collec¬ 
tor voltage to the “difference” in the 
base voltages is the differential volt¬ 
age gain (Ad). If the collector-to- 
collector voltage is used in the gain 
ratio, the result is referred to as the 
double-ended differential-voltage gain 
(AdDfi). If the collector-to-ground 
change is used, the ratio is called 
the single-ended differential-voltage 
gain (Adsfi). 
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Transfer Characteristics 

The variation in the collector cur¬ 
rents Ici and Ic 2 as a function of 
the differential input voltage (Vbi — 
Vb 2 ) is the keystone characteristic 
of the differential amplifier. The 
transfer curves shown in Fig. 200 
provide several important points of 
information about the differential 
amplifier: 

1. The transfer characteristics are 
linear in a region about the operat¬ 
ing point. For the curves shown, 
this linear region corresponds to an 
input-voltage swing of approxi¬ 
mately 50 millivolts peak-to-peak. 

2. The maximum slope of the 
curves, which occurs at the operat¬ 
ing point, defines the effective trans¬ 
conductance of the differential am¬ 
plifier. 

3. The slope of the transfer curves 
(i.e., the transconductance) is de¬ 
pendent upon the value of the total 
current lo supplied to the constant- 
current source. The slope of the 
transfer curves can be changed, with¬ 
out changing the linear input region, 
by varying the value of lo. This re¬ 
lationship implies that automatic 
gain control is inherent in the dif¬ 
ferential amplifier when the current 
lo is controlled. 

4. The transfer characteristics and 
the slopes of these characteristics 
are a function of the alpha of the 
transistors and of the temperature, 
both of which are predictable, and 
of two physical constants. 

5. The differential amplifier is a 
natural limiter; when input excur¬ 
sions exceed approximately ±100 
millivolts (for the curves shown), 
no further increase in the ouput is 
obtained. 

6. The output current of an am¬ 
plifier is the product of the input 
voltage and the transconductance. 
In the differential amplifier, the 
transconductance is proportional to 
the controlled current lo; this cir¬ 
cuit, therefore, may be used for 
mixing, frequency multiplication, 
modulation, or product detection 



DIFFERENTIAL INPUT VOLTAGE- 
KT/q UNITS 
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Fig. 200—Transfer curves of the basic 
differential-amplifier circuit. 

when the current lo is made a multi¬ 
plicand and the input waveform is 
the multiplier. 

The transconductance at the oper¬ 
ating point (at Vbi — Vbs =:: 0) is 
the maximum transconductance of 
the differential amplifier. The effec¬ 
tive transconductance of the differ¬ 
ential amplifier is one-fourth that of 
a single transistor. This condition 
results from the fact that, at the 
operating point, exactly one-half of 
the total current lo flows through 
each transistor of the differential 
pair and the input voltage must be 
divided equally between the two 
transistors. 

When the differential amplifier is 
operated to provide double-ended 
outputs so that the output voltage 
is measured between the collectors 
of the differential pair of transistors, 
the output currents through the load 
impedance contribute equally to the 
output voltage from each transistor. 
As a result, the output voltage is 
twice that obtained for single-ended 
operation. This increase in output 
voltage results because the load im¬ 
pedance is doubled, not because of 
any doubling of the transconduc¬ 
tance. However, if an impedance is 
connected between the two collec¬ 
tors and the shunt collector-feed 
resistors are large compared to this 
load impedance, the load current is 
twice as large as can be expected 
from a single-ended circuit. 
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Common-Mode Response 

If the base voltages of both differ¬ 
ential-pair transistors Qi and Q 2 are 
increased or decreased together (i.e., 
a common-mode input voltage is ap¬ 
plied), then the emitter currents re¬ 
main equal and, because their sum 
must be equal to the constant current 
lo, no change in either emitter cur¬ 
rent occurs. Consequently, no change 
in collector output voltage results. 
This absence of output-voltage 
change in response to a common¬ 
mode input-voltage signal constitutes 
an ability of the differential amplifier 
to reject common-mode signals. The 
degree to which rejection is achieved 
depends on the impedance of the 
constant-current source (CCS). Be¬ 
cause some finite impedance is al¬ 
ways associated with the constant- 
current source, some small output 
signal is always produced in response 
to a common-mode signal. The ratio 
of this small output-voltage change 
to the change in common-mode input 
voltage is called the common-mode 
voltage gain ( Ac) . This gain is nurm- 
ally much less than unity. The ratio 
of the common-mode voltage gain 
(Ac) to the differential voltage gain 
is called the common-mode rejection 
ratio (CMRR), 

CMRR = Ac/Ad 

This common-mode rejection ratio 
is normally expressed in decibels as 
follows: 

CMRR (dB) = 20 log Ac/Ad 

The common-mode rejection ratio 
is a measure of the ability of the 
differential amplifier to discriminate 
between differential and common¬ 
mode input signals and is usually 
of the order of 80 to 120 dB. 

A change in common-mode volt¬ 
age at the input results in a corre¬ 
sponding change in voltage across 
the constant-current source; how¬ 
ever, there are limits to the levels 
of common-mode voltage that the 
circuit can handle before its per¬ 
formance is severely degraded. For 
example, it is apparent from Fig. 


199 that if the base voltage of either 
Qi or Q 2 rises above the collector 
voltage, the transistor will be in 
saturation, and normal differential- 
amplifier operation will cease. If the 
base voltage decreases below some 
minimum level required by the con¬ 
stant-current source, the impedance 
of the constant-current source will 
decrease, and the common-mode re¬ 
jection ratio will be degraded. This 
range of common-mode voltages over 
which the differential amplifier oper¬ 
ates is normally called the input 
common-mode voltage range, Vcmr, 
and is usually defined for a specified 
distortion at the output, or for a 
specified degradation in the common¬ 
mode rejection ratio. 

Balanced DC Amplification 

The monolithic-integrated-circuit 
differential amplifier can provide ex¬ 
cellent balanced dc amplification be¬ 
cause of the close electrical and 
thermal match of transistors Qi and 
Q 2 . If the transistors were perfectly 
matched in terms of base-to-emitter 
voltage (Vbe), dc beta, and bulk and 
contact resistances, and if the re¬ 
sistances Rci and Rea were equal, 
the difference between the collector 
voltages would be zero when equal 
voltages were applied to the bases 
of the two transistors. Unfortunately, 
small unbalances do exist even with 
monolithic devices, and a small dc 
offset between the collectors exists 
when the bases are at equal poten¬ 
tials. When the bases of transistors 
Qi and Q 2 are driven from low- 
resistance sources, this offset results 
primarily from the unbalance in the 
base-to-emitter voltages of the two 
transistors. Unequal betas contribute 
to this offset when the bases are 
driven from high-resistance sources. 
For this condition, unequal voltage 
drops are developed across the re¬ 
sistors because unequal base currents 
result in a differential voltage drive 
at the bases. 

Any of the following methods may 
be used to measure and specify the 
unbalance: 
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The output offset voltage Voo is 
the difference in dc voltage between 
the collectors (for equal collector 
resistors) when the bases are con¬ 
nected to the same dc voltage within 
the input common-mode voltage 
range. The measurement can be 
made with or without resistors in 
series with the bases, but if resistors 
are used, they must be of equal 
value. This measurement is simple 
to make, but it suffers from a lack 
of generality because the measured 
value depends on the dc gain chosen 
for the test circuit. 

The input offset voltage Vio is 
the difference in base voltages (Vbi 
— Vb 2 ) which must be applied to 
obtain equal collector dc voltages 
when the collector resistors Rci and 
Rc 2 are equal. This offset is rela¬ 
tively independent of beta mismatch 
and is primarily a function of the 
mismatch in base-to-emitter volt¬ 
ages. A typical value for the input 
offset voltage in monolithic transis¬ 
tors is 1 millivolt; consequently, this 
voltage is more difficult to measure 
accurately than the output offset 
voltage. The input offset voltage, 
however, is more general because it 
is an offset referred to the input 
and is independent of circuit gain. 

The input bias-current offset Iio 
is the difference in input base-bias 
currents (Ibi — Ib 2 ) when the col¬ 
lector voltages are equal. This off¬ 
set is a measure of the beta mis¬ 
match at a particular operating 
current. The input bias-current off¬ 
set is relatively small for low oper¬ 
ating currents and is correspondingly 
larger for higher operating currents. 
This current offset is typically 5 to 
10 per cent of the input base-bias 
current. 

Offsets are usually specified at 
-}-25°C; additional parameters are 
needed, therefore, to describe the 
thermal match between the differen¬ 
tial-pair transistors Q1 and Q2. The 
thermal match is indicated by the 
offset drift specifications, which give 
the change in the particular offset 
per degree C over a specified tem¬ 
perature range, as follows: 


Input Off set-Voltage Drift = 

Input Offset-Current Drift = 

These parameters are sometimes 
given as curves of the input offset 
voltage Vio and the input bias-cur¬ 
rent offset Iio as a function of tem¬ 
perature. 

Constant-Current Source 

The preceding discussion of basic 
differential-amplifier operation indi¬ 
cated the need for a constant-cur¬ 
rent source (CCS) to assure that 
the sum of the emitter currents in 
the differential-amplifier transistor 
pair would always be constant. This 
condition was shown to be a require¬ 
ment for good common-mode rejec¬ 
tion. A constant-current source is an 
infinite-impedance source. The sim¬ 
plest way to approximate a constant- 
current source is by use of a high- 
value resistor Rccs, as shown in Fig. 
201 . 

For balanced operation, the re¬ 
sistor Rccs must be very large com¬ 
pared to the emitter impedances of 
transistors Qi and Q 2 to assure that 
the signal current ic will not be 
shunted into Rccs and cause the 
current ic 2 to be less than the cur¬ 
rent ici. For a given operating 
current, the value of Rccs is limited 
by the dc voltage required at the 
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Fig. 201—Balanced di^erential amplifier 
that uses a resistor as the constant-current 
source. 
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emitter to produce the required value 
for the constant current lo. Conse¬ 
quently, the resistance Rccs is de¬ 
termined on the basis of the largest 
value possible consistent with the 
minimum permissible value for the 
current lo. This compromise norm¬ 
ally results in a constant-current 
source which, although simple, does 
not provide the best balanced opera¬ 
tion or common-mode rejection. 

A transistor connected as shown 
in Fig. 202 provides a much better 
constant-current source. The imped¬ 
ance, as it appears at the collector 
of Q 3 , is very large, but the voltage 
required to drive the current lo 
through the resistor Re can be rela¬ 
tively small because a high value of 
resistance is not required for Re. 



Fig. 202—Balanced differential amplifier 
that uses a transistor constant-current- 
source circuit. 

The minimum voltage required at 
the common emitters must be just 
large enough to sustain the IoRe 
drop plus the collector-to-emitter 
voltage (approximately 0.5 volt) for 
Qa to prevent saturation of this 
transistor. The dc voltage would, of 
course, normally be larger than this 
minimum limit in order to allow for 
a large common-mode voltage swing 
at the input bases. The bias of this 
constant-current source can be ad¬ 
justed so that the negative tempera¬ 
ture coefficient of the forward base- 
to-emitter voltage of transistor Qs 
approximately compensates for the 
positive temperature coefficient of 
the diffused resistor Re. This com¬ 


pensation assures that the operat¬ 
ing current is maintained nearly 
constant with changes in tempera¬ 
ture. This feature is particularly 
important for circuits that employ 
external load resistors because such 
load resistors do not track with the 
internal current-setting resistor. 

The temperature coefficient for the 
base-to-emitter voltage is approxi¬ 
mately —2 millivolts per degree C, 
and the temperature coefficient of 
Re is approximately -fO.2 per cent 
per degree C. If the current lo is 
to remain constant when the change 
in base-to-emitter voltage with tem¬ 
perature causes a rise in voltage 
across resistor Re of 2 millivolts per 
degree C, the increase of 0.2 per 
cent per degree C in the voltage 
drop IoRe caused by the change in 
the value of Re with temperature 
must equal 2 millivolts per degree 
C. The quiescent IoRe drop, there¬ 
fore, must be 1 volt because 0.2 per 
cent of 1 volt is 2 millivolts. 

When diffused load resistors are 
included on the chip, the emitter 
voltage of transistor Q 3 must be 
maintained constant with tempera¬ 
ture because changes in the value of 
Re will be compensated for by 
changes in the diffused load resistors 
Rl. As a result, the operating point 
and voltage gain remain relatively 
fixed with changes in temperature. 
The circuit shown in Fig. 203 illus¬ 
trates the use of diodes in the base- 
bias circuit to compensate for the 
variations in the base-to-emitter 
voltage of transistor Q3. The base- 
to-emitter voltage, therefore, is 
maintained at a constant value. Two 
diodes are required to compensate 
for the temperature-induced changes 
in the base-to-emitter voltage be¬ 
cause the effect of the diodes on the 
base bias is reduced by the voltage 
division of the resistances. In RCA 
differential-amplifier circuits, the 
base-bias voltage is reduced by a 
factor of 2 . This relationship is 
clearly illustrated by the Thevenin 
equivalent circuit of the base-bias 
network for transistor Qa shown in 
Fig. 204. 
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Fig. 203—Differential amplifier in which 
temperature-compensating diodes are used 
in the base-bias network of the constant- 
current transistor. 

Fig. 205 shows a third biasing 
method for the constant-current- 
source transistor. This method makes 
use of the fact that two matched 
monolithic transistors will conduct 
equal emitter currents if their bases 
and emitters are connected in paral¬ 
lel. Di is a diode-connected transis¬ 
tor operated in parallel with the 
base-emitter junction of transistor 
Qa. The emitter current of transis¬ 
tor Qa, therefore, is very nearly 
equal to the current through Di. If 
the dc beta of transistor Qa is high 
enough so that the base current can 
be neglected, the current through 
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Fig. 204 — Base-bias circuit for the con¬ 
stant-current transistor: (a) actual circuit; 
(b) Thevenin’s equivalent circuit. 


Di can be expressed by the follow¬ 
ing equation: 



This equation shows that the cur¬ 
rent in the constant-current source 
can be set by selection of the supply 
voltage and the resistance R be¬ 
cause the voltage Vdi will always 
be close to 0.7 volt. 

The circuit shown in Fig. 205 is 
similar to the one shown in Fig. 203 
in respect to its behavior with varia¬ 
tions in temperature. That is, if R 
and Rl are both diffused resistors, 
their change with temperature will 
have compensating effects to keep 
the operating voltage and voltage 
gain relatively constant. If they are 
both external resistors with low or 
matching temperature coefficients. 



Fig. 205—Differential amplifier in which 
circuit biasing is based on the match in 
the characteristics of two monolithic base- 

emitter junctions connected in parallel. 

the constancy will also be main¬ 
tained. 

The arrangement of diode Di and 
transistor Qa shown in Fig. 205 is 
commonly that known as a “current- 
mirror’’ because the current I that 
flows in the diode-connected transis¬ 
tor Di is “mirrored” as a current 
I of equal magnitude flowing in the 
emitter of Qa, the base-emitter junc¬ 
tions of Di and Qa are assumed to 
be similar. This configuration is fre¬ 
quently used to “scale” current flow 
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in various circuit networks employed 
in integrated-circuit designs. For 
example, if the emitter-base junc¬ 
tion of Qa is twice that of diode-con 
nected transistor Di, a current-flow 
of I established by resistor R through 
Di will force a current-flow of 21 
in the emitter of Qs. 

Applications of 
Differential Amplifiers 

Differential amplifiers are used in 
a majority of complex integrated 
circuits for linear circuit applica¬ 
tions. For example, Fig. 38 in the 
section Materials, Junctions, and De¬ 
vices shows the use of a simple dif¬ 
ferential amplifier in a voltage regu¬ 
lator. Transistors Qi, Qs, Qe, Qt, Qs, 
Q 9 comprise a differential-amplifier 
stage used to compare the reference 
voltage with a sample of the regu¬ 
lated output voltage. 

Differential-Amplifier “Building- 
Block”—The CA3028 integrated cir¬ 
cuit shown in Fig. 206 is basically 
a simple differential-amplifier “build¬ 
ing-block” circuit. The CA3028 is 
intended for general-purpose use at 
frequencies from dc to 120 MHz. 
The CA3028B can be operated at 
supply voltages up to 30 volts, and 



Fig. 206—CA3028A or CA3028B differen¬ 
tial-amplifier ” building-block” integrated 
circuit. 


the transistors are rated for opera¬ 
tion with currents up to 20 milli- 
amperes. This integrated circuit is 
also ideally suited for use in cascode 
amplifier configurations with tran¬ 
sistors Q;i and Qi in the cascode con¬ 
figuration, and transistor Qa option¬ 
ally applicable as the automatic- 
gain-control (age) device. 

Differential amplifiers are also 
very applicable to uses in conjunc¬ 
tion with tuned-circuits. Fig. 207 

V+ R 2R 



Fig. 207—Schematic of mixer circuit us¬ 
ing the CA3028 differential-amplifier inte¬ 
grated circuit. 


shows the CA3028 connected in a 
mixer circuit (e.g., as used in a 
superheterodyne receiver) with the 
rf input signal applied differentially 
at terminals 1 and 5. The local- 
oscillator signal is injected at termi¬ 
nal 2 and the intermediate-frequency 
if signal is developed differentially 
at terminals 6 and 8 . 

Dual Differential-Amplifier “Build¬ 
ing-Block”—A pair of differential 
amplifiers can readily be fabricated 
on a monolithic integrated-circuit 
chip, as shown in Fig. 208. This con¬ 
figuration is ideally suited for use in 
doubly-balanced circuits, such as 
those employed in frequency-syn¬ 
thesizing mixers, double-sideband 
generators, synchronous detectors 
and the like. In this type of circuit, 
it is advantageous to balance two 
differential amplifiers with respect 
to each other; their match must be 
maintained despite variations in 
temperature and the passage of time. 
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Fig. 208 — CA3054 dual differential-amplifier ‘'building-block'' integrated circuit. 


An example of a doubly-balanced 
frequency-synthesizing mixer cir¬ 
cuit is shown in Fig. 209. The col¬ 
lector outputs for the differential 
pairs Qi—Q 2 and Qs—Qe are con¬ 
nected so that the balanced push-pull 
drive on the emitters and bases es¬ 
sentially cancels each output. Under 
proper drive conditions, therefore. 


the output to transformer Ta can be 
the desired sum and difference fre¬ 
quencies of fi and f 2 with fi and iz 
suppressed. When compared to clas¬ 
sical mixer circuits, this doubly- 
balanced circuit is very effective in 
minimizing the generation of spuri¬ 
ous frequencies. 



Fig. 209—A frequency-synthesizer mixer using the CA3054 dual differential amplifier. 
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OPERATIONAL AMPLIFIERS 

The term “operational amplifier” 
was originally intended to denote 
an amplifier circuit that performed 
various mathematical operations such 
as integration, differentiation, sum¬ 
mation, and subtraction. The appli¬ 
cation of the operational amplifier, 
however, has been so vastly extended 
that today this term suggests a de¬ 
vice that finds the widest use in such 
applications as signal amplification 
and wave shaping, servo and process 
controls, analog instrumentation and 
system design, impedance transfor¬ 
mation, and many other routine 
functions. 

Basic Design Models 

An ideal operational amplifier 
would have infinite open-loop gain 
and bandwidth, and zero noise, off¬ 
set, and drift. Although no amplifier 
has these ideal qualities, practical 
integrated-circuit operational ampli¬ 
fiers are generally characterized by 
the following properties: 

1. extremely high dc voltage gain, 
generally in the range from 10® to 
10 ®; 

2. wide bandwidth that starts at 
dc and rolls off to unity gain at from 
one to several hundred megahertz 
with a slope of 6 dB per octave or at 
most 12 dB per octave; 

3. positive and negative output 
voltage over a large dynamic range, 
preferably to magnitudes that are 
essentially equal to the supply volt¬ 
ages; 

4. very low input dc offset and 
drift with time and temperature; 

5. high input impedance so that 
amplifier input current can be 
largely neglected; 

6. low output impedance. 

The configuration most commonly 
used for operational voltage ampli¬ 
fiers consists of one or two differen¬ 
tial-amplifier circuits, together with 
an appropriate output stage. The 


differential-amplifier stages not only 
fulfill the operational-amplifier re¬ 
quirement for a high-gain direct- 
coupled amplifier circuit, but also 
provide significant advantages with 
respect to the application of the op¬ 
erational amplifier. 

Inverting Feedback Configuration 
—The basic design model for a 
differential-input operational ampli¬ 
fier operated with an inverting feed¬ 
back configuration is shown in Fig. 
210. The load resistor Rl is assumed 
to be large enough so that its effect 
on the transfer characteristic is neg¬ 
ligible, i.e., louT = 0. 



Fig. 210—Inverting operational-amplifier 
configuration. 

Certain differential-input opera¬ 
tional amplifiers require a significant 
flow of bias current at each input. 
For this condition, the dc paths to 
ground for each input must be equal 
so that a minimum dc offset voltage 
(error) is developed at the output. 
Thus, for the terminology employed 
in Fig. 210, Rr must equal the paral¬ 
lel combination of Zr(co = 0) with 
the series combinaton of Zf((o = 0) 
and Zoi ((0 = 0). 

In the circuit of Fig. 210, the 
drive-source impedance affects the 
feedback in the inverting configura¬ 
tion and, therefore, must be consid¬ 
ered part of the Zr term. For brevity, 
the symbol Zr is defined to include 
the source impedance as well as cer¬ 
tain feedback design elements. The 
impedances Zi and Zoi are the open- 
loop intrinsic input and output im¬ 
pedances of the operational amplifier. 
Ordinarily, these impedances are 
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assumed in the amplifier symbol. In 
Fig. 210, however, they are identified 
to emphasize their importance. The 
term Ao((o) is the open-loop differ¬ 
ential voltage gain of the operational 
amplifier; this parameter is fre¬ 
quency-dependent. The terminals on 
the operational-amplifier symbol 
labeled minus ( —) and plus (-{-) re¬ 
fer to the inverting and noninvert¬ 
ing input, respectively. 

The transfer function, or closed- 
loop gain, of an operational voltage 
amplifier is generally considered to 
express the relationship between in¬ 
put and output voltages. (It is rela¬ 
tively simple to convert the voltage 
transfer function to another desired 
transfer relationship.) The closed- 
loop gain of the operational ampli¬ 
fier is essentially dependent upon 
only the feedback elements (i.e., for 
the ideal inverting configuration, the 
closed-loop gain is equal to — Zf/Zr). 

A virtual ground (Ve = 0) exists 
at the inverting-input ( —) termi¬ 
nal of operational amplifier. That 
is, the terminal is at ground po¬ 
tential even though there is no 
electrical connection between this 
nodal point and ground. Moreover, 
no current flows into the negative 
terminal of the amplifier when 
AoCw) is infinite (ideal amplifier), 
as indicated by the fact that the 
nodal-assigned voltage Ve is zero 
and the impedance at the negative 
terminal (Zi + Zr) is not zero. 

The closed-loop output impedance 
for an inverting feedback operational 
amplifier is defined as the ratio of the 
unloaded output voltage to the short- 
circuit output current. Although this 
impedance is in no way indicative of 
the output-current capabilities of the 
amplifier, it is a useful small-signal 
parameter that can be employed to 
determine the gain reduction that 
results when the operational ampli¬ 
fier is operated into a finite load 
impedance. 

Noninverting Feedback Configura¬ 
tion—Fig. 211 shows the general- 
circuit model for a differential-input 


operational amplifier operated with a 
noninverting feedback configuration. 

The model for the noninverting 
feedback configuration, as did that 
for the inverting circuit^ assumes 
that the load resistance Rl is large 
enough so that its effect is negligible, 

i.e., Rl 00 and Iout = 0 . 



Fig. 211—Noninverting operational-ampli¬ 
fier configuration. 

A noninverting operational ampli¬ 
fier, unlike the inverting type, re¬ 
quires a differential-input arrange¬ 
ment because it uses the common¬ 
mode effect in its feedback scheme. 
The following basic requirements 
and definitions that apply to the in¬ 
verting circuit shown in Fig. 210 are 
also valid for the general noninvert¬ 
ing circuit shown in Fig. 211: 

1. The dc return paths to ground 
for the two inputs must be equal 
and finite for amplifiers that require 
a significant amount of input bias 
current. 

2. The input and output imped¬ 
ances Zi and Zoi, are inherent in the 
basic amplifier unit and are shown 
on the diagram to emphasize their 
importance in the determination of 
the classical design relationships. 

3. The open-loop gain is fre¬ 
quency-dependent and is represented 
by the symbol Ao((o). 

4. The plus and minus labels on 
the input terminals designate the 
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noninverting and inverting termi¬ 
nals respectively. 

In the noninverting circuit, however, 
the source impedance is included in 
the passive element Rr rather than 
the frequency-dependent parameter 
Zr, as in the inverting circuit. 

As with the inverting-feedback 
configuration, the closed-loop gain 
for the noninverting configuration 
expresses the relationship between 
input and output voltage. The term 
1 -f (Zf/Zr) represents the closed- 
loop gain for the ideal noninverting 
configuration. This term, which is 
referred to as the ideal feedback 
characteristic, is basic to opera¬ 
tional-amplifier phase-compensation 
theory. 

As with the inverting configura¬ 
tion, the closed-loop output imped¬ 
ance for the noninverting configura¬ 


tion is defined as the ratio of the 
open-circuit output voltage Vour to 
the short-circuit output current lout. 

General-Purpose Operational 
Voltage Amplifier (OVA) 

Fig. 212 shows the basic circuit 
configuration for a general-purpose 
integrated-circuit operational am¬ 
plifier. This circuit consists basically 
of two differential amplifiers and a 
single-ended output circuit in cas¬ 
cade. The pair of cascaded differen¬ 
tial amplifiers are responsible for 
virtually all the gain provided by the 
operational-amplifier circuit. 

Circuit Operation—The inputs to 
the operational amplifier are applied 
to the bases of the pair of emitter- 
coupled differential input transistors 
Qi and Q 2 in the first differential 


V+' 



Fig. 212—Circuit configuration for RCA general-purpose integrated-circuit operational 
amplifiers (CA3008, CA3008A, CA3010, CA3010A, CA3015, CA3015A, CA3016, 
CA3016A, CA3029, CA3029A, CA3030, CA3030A, CA3037, CA3037A, CA3038, 

and CA3038A). 
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amplifier. The inverting input is ap¬ 
plied to the base of transistor Q 2 , 
and the noninverting input is ap¬ 
plied to the base of transistor Qi. 
These transistors develop the driv¬ 
ing signals for the second differen¬ 
tial amplifier. The constant-current 
source transistor Qg provides bias 
stabilization for transistors Qi and 
Q 2 . Diode Di provides thermal com¬ 
pensation for the first differential- 
amplifier stage. 

The emitter-coupled transistors Q 3 
and Q 4 in the second differential am¬ 
plifier are driven push-pull by the 
outputs from the first differential 
amplifier. Bias stabilization for the 
second differential amplifier is pro¬ 
vided by the constant-currrent- 
source transistor Q 7 . Compensating 
diode Da provides the thermal sta¬ 
bilization for the second differential- 
amplifier and also for the transistor 
Qi), in the output stage. 

Transistor Qs develops the nega¬ 
tive feedback to reduce common¬ 
mode error signals that are de¬ 
veloped when the same input is ap¬ 
plied to both input terminals of the 
operational amplifier. Transistor 
Qs samples the signal that is de¬ 
veloped at the emitters of transis¬ 
tors Qs and Q 4 . Because the second 
differential stage is driven push-pull, 
the signal at this point will be zero 
when the first differential-amplifier 
stage and the base-emitter circuits 
of the second stage are matched and 
there is no common-mode input. A 
portion of any common-mode, or 
error, signal that appears at the 
emitters of transistors Qs and Q 4 
is developed by transistor Qs across 
resistor R 2 (the common collector 
resistor for transistors Qi, Qo, and 
Qs) in the proper phase to reduce 
the error. The emitter circuit of 
transistor Qs also reflects a portion 
of the same error signal into the 
constant-current-source transistor Q 7 
in the second differential-amplifier 
stage so that the activating error 
signal is further reduced. 

Transistor Qs also develops feed¬ 
back signals to compensate for dc 
common-mode effects produced by 
variations in the supply voltages. 


For example, a decrease in the dc 
voltage from the positive supply re¬ 
sults in a decrease in the voltage at 
the emitters of transistors Qs and 
Q 4 . This negative-going change in 
voltage is reflected by the emitter 
circuit of transistor Qs to the bases 
of transistors Q7 and Q9. Less cur¬ 
rent then flows through these tran¬ 
sistors. The decrease in the collector 
current of transistor Qt results in a 
reduction of the current through 
transistors Qs and Q 4 , and the col¬ 
lector voltages of these transistors 
tend to increase. This tendency to 
increase on the part of the collector 
voltages partially cancels the de¬ 
crease that occurs with the reduction 
in the positive supply voltage. The 
partially cancelled decrease in the 
collector voltage of transistor Q 4 is 
coupled directly to the base of tran¬ 
sistor Qs and is transmitted by the 
emitter circuit of this transistor to 
the base of output transistor Qio. 
At this point, the decrease in voltage 
is further cancelled by the increase 
in the collector voltage of transistor 
Qf) that results from the decrease in 
current mentioned above. 

In a similar manner, transistor 
Qs develops the compensating feed¬ 
back to cancel the effects of an in¬ 
crease in the positive supply voltage 
or of variations in the negative sup¬ 
ply voltage. Because of the feedback 
stabilization provided by transistor 
Qs, the operational amplifier pro¬ 
vides high common-mode rejection 
and excellent open-loop stability, and 
has a low sensitivity to power-supply 
variations. 

In addition to their function in the 
cancellation of supply-voltage varia¬ 
tions, transistors Qs, Qo, and Qio 
are used in an emitter-follower type 
of single-ended output circuit. The 
output of the second differential am¬ 
plifier is directly coupled to the base 
of transistor Qs, and the emitter cir¬ 
cuit of transistor Qs supplies the 
base-drive input for output transis¬ 
tor Qio. A small amount of signal 
gain in the output circuit is made 
possible by the bootstrap connection 
from the emitter of output transistor 
Qio to the emitter circuit of tran- 
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sistor Qi). If this bootstrap connec¬ 
tion were neglected, transistor Qo 
could be considered as merely a dc 
constant-current source for drive 
transistor Qh. Because of the boot¬ 
strap arrangement, however, the out¬ 
put circuit can provide a signal gain 
of 1.5 from the collector of dilfer- 
ential-amplifier transistor to the 
output. Although this small amount 
of gain may seem insignificant, it 
does increase the output-swing cap¬ 
abilities of the operational amplifiers. 

The output from the operational- 
amplifier circuit is taken from the 
emitter of output transistor Qw so 
that the dc level of the output signal 
is substantially lower than that of 
the differential-amplifier output at 
the collector of transistor Q 4 . In 
this way, the output circuit shifts the 
dc level at the output so that it is 
effectively the same as that at the 
input when no signal is applied. 

Resistor Rir> increases the nega¬ 
tive-going-signal capability of the 
operational amplifier, when terminal 
L is shorted to terminal K so that 
the resistor is connected between the 
output and the negative supply. 

AC Characteristics—Fig. 213 shows 
the open-loop gain-frequency char¬ 
acteristics of the operational-ampli¬ 
fier circuit shown in Fig. 212. For 
operation from ib 6 -volt supplies, the 



FREQUENCY— MHz 

92CS-2S787 


Fig. 213 — Open-loop gain-frequency char¬ 
acteristics of the operational-amplifier cir¬ 
cuit shown in Fig. 212. 


amplifier provides an open-loop gain 
of 60 dB. The first '‘break” in the 
frequency response occurs at about 
300 Hz and then begins to drop 
sharply at about 3 MHz. The unity- 
gain frequency is 18 MHz. Fig. 214 
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Fig. 214 — Output-swing capabilities as a 
function of frequency for operational- 
amplifier circuit shown in Fig. 212. 


shows the unloaded output-voltage 
as a function of frequency for oper¬ 
ation from ± 6 -volt supplies. 

Phase-Compensation—The princi¬ 
pal usefulness of an operational am¬ 
plifier is generally realized with 
large amounts of negative feedback 
(i.e., closed-loop operation). It is 
imperative, therefore, that the inevi¬ 
table phase-shifts be adequately 
“compensated” so that the desired 
low-frequency negative feedback 
cannot become positive at higher fre¬ 
quencies and cause amplifier insta¬ 
bilities (i.e., oscillations). The open- 
loop gain-frequency characteristics 
of an operational amplifier are use¬ 
ful guidelines for prediction of cir¬ 
cuit stability in a great majority of 
closed-loop (feedback) applications. 
A particular amplifier will usually 
be stable in closed-loop operation if 
its open-loop gain-frequency charac¬ 
teristic decreases at a rate no 
greater than about 6 dB per octave 
(20 dB per frequency-decade) for 
all frequencies into the proximity 
of the unity-gain (“cut-off fre¬ 
quency”) point. Otherwise, some 
auxiliary circuit network (com¬ 
monly called a “phase-compensation” 
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network) must be provided to estab¬ 
lish the requisite open-loop fre¬ 
quency-roll-off characteristic. 

Fig. 213 shows that under open- 
loop conditions the operational-am¬ 
plifier circuit shown in Fig. 212 suf¬ 
fers a gain loss of about 35 dB (50 
dB — 15 dB) over the frequency- 
decade between 1 and 10 MHz in 
±6-volt operation. Consequently, it 
can be predicted with absolute cer¬ 
tainty that the amplifier would be 
unstable in many closed-loop (feed¬ 
back) circuits. This situation is eas¬ 
ily corrected for the circuit in Fig. 
212 by addition of two ^‘phase-com¬ 
pensation’’ networks, each consisting 
of a 27-picofarad capacitor and a 
2000-ohm resistor connected in series 
between the collector of a transistor 
in the first differential-amplifier 
stage to the base of a transistor in 
the second differential-amplifier 
stage (i.e., one network is connected 
between terminals C and F and the 
other network between terminals H 
and I). Fig. 215 shows the response 
of the amplifier, with and without 
the compensating networks. When 
the “compensation” networks are 
connected, the open-loop gain-fre¬ 
quency response of the amplifier is 
rolled-off at a rate of somewhat less 
than 20 dB per frequency-decade 
over about three frequency-decades. 
Consequently, the amplifier will op¬ 
erate with stability in most appli¬ 
cations that require closed-loop net¬ 
works. 
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Fig. 215 — Open-loop gain as a function of 
frequency for both phase-compensated and 
uncompensated operation for operational- 
amplifier circuit shown in Fig. 212. 


Monolithic integrated-circuit op¬ 
erational amplifiers are usually clas¬ 
sified, insofar as phase-compensation 
networks are concerned, as “uncom¬ 
pensated” (i.e., external phase-com- 
pensaton networks are employed as 
required in particular applications) 
or “compensated” (i.e., integral on- 
chip compensation circuitry is pro¬ 
vided) types. The circuit shown in 
Fig. 212 is of the “uncompensated” 
type. The “uncompensated” opera¬ 
tional-amplifier circuit provides a 
degree of flexibility for the designer 
in using a particular circuit over a 
broad spectrum of applications. On 
the other hand, an operational am¬ 
plifier with internal phase compen¬ 
sation is simpler to apply in many 
circuits, at the expense of some per¬ 
formance restrictions in certain ap¬ 
plications. 

Integrator Application—The ver¬ 
satility of the operational-amplifier 
circuit shown in Fig. 212 can be il¬ 
lustrated in connection with its use 
in an integrator circuit. Integrators 
have diverse functions, e.g., ranging 
from their ability to integrate ac¬ 
curately in the solution of differen¬ 
tial equations to their use as an 
electronic low-pass filter with cur¬ 
rent-gain capability. An important 
design consideration when an opera¬ 
tional-amplifier is to be used as an 
integrator is that dc feedback be 
provided to meet the stringent re¬ 
quirements for stability. 

Fig. 216 shows the circuit con¬ 
figuration when the operational- 
amplifier in Fig. 212 is used as an 
integrator; responses of the circuit 
for 1-kHz and 10-kHz square-wave 
input signals are also shown. The 
dc gain of the circuit is limited to 
20 dB by the 390,000-ohm feedback 
resistor (Zf). The effect of this re¬ 
sistor on the gain, however, becomes 
negligible for ac signals at frequen¬ 
cies above 13 Hz because of the 
0.03-microfarad capacitor connected 
in parallel with Zf. 

The weighting factor of integra¬ 
tion for the circuit is 1.17-millisecond 
(T = Zr Cl = 39,000 X 0.03 X lO"® 
= 1.17 milliseconds). The functions 
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Circuit shown in Fig. 212. 


Fig. 216—Circuit diagram and the input and output waveforms for an operational am¬ 
plifier used as an integrator. 


of the compensation networks con¬ 
nected at terminals H-I and C-F 
have been described above. 

The integrator shown in Fig. 216 
provides an output that is propor¬ 
tional to the time integral of the in¬ 
put signal (Vin). The gain func¬ 
tion for the integrator is given by: 


VoUT 



dt 


tegral of the square wave. The cir¬ 
cuit will perform as an integrator 
at frequencies above those given by: 


f 


1 

27r Zf Cl 


= 13.6 Hz 


The excellent linearity of response 
by the complete integrator circuit is 
illustrated by the waveforms shown 
in Fig. 216. 


For example, if a symmetrical 
square-wave input signal with an 
average value of zero volts, a peak 
amplitude of A volts, and a period 
T is applied to the integrator, then 
the peak-to-peak output can be cal¬ 
culated by integrating over one-half 
the input period as follows: 


— V OUT 


(P-P) 


_ 1 rT/2 

~ Zr Cl / A dt 
AT 

= W7c, 


The waveshape of the output will be 
triangular, corresponding to the in¬ 


An Operational Amplifier (OVA) 
with Internal Phase 
Compensation 

The “741” type of integrated- 
circuit operational amplifier has 
achieved universal popularity among 
users. One of its attractive features 
is the incorporation of an internal 
phase-compensation capacitor on the 
monolithic chip to provide unity- 
gain compensation so that it is un¬ 
necessary to add any additional sta¬ 
bilization components for closed- 
loop operation. Consequently, the 
user need not master the subtleties 
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of phase compensation to use the 
“741” in a wide variety of appli- 
cations. 

A simplified schematic of the 
operational amplifier is shown in 
Fig. 217. Essentially, the circuit con¬ 
sists of a differential input stage 
(Qi and Qa) followed by a high-gain 
driver stage (Qio), with a comple¬ 
mentary-symmetry output stage 
(Qi 3 and Qi?) operating in Class AB 
service. Diodes Da and Db represent 
the circuit used to appropriately bias 
the output stage. The combination 
of Dc and Q? represents the active- 
device collector loads for transistors 
Qi and Qa and additionally is used 
for conversion from the differential 
configuration into the single-ended 
output needed to drive transistor Qie. 
Capacitor Ci is a 30-pP capacitor 
used to provide sufficient phase com¬ 
pensation for stable unity-gain 
closed-loop operation. 

The detailed schematic diagram 
for the CA741 operational-amplifier 
is shown in Fig. 218. Low input bias 
currents are achieved by connection 
of transistor pairs Qi, Qs and Q2, Qi 
as shown. Transistors Qe and Qr are 


used as load resistors for the input 
stage; they present effective values 
of several megohms. The operating 
collector current for the input stage 
is established by transistor Q9 and 
resistor R4. Darlington-connected 
transistors Q15 and Qio provide the 
second-stage gain, with their oper¬ 
ating current being determined by 
resistor R5 driving the current-mir¬ 
ror formed by diode D2 and transis¬ 
tor Qio. The output-stage transistors 
Qi 3 and Qi 7 are connected in a con¬ 
ventional complementary-symmetry 
arrangement, with transistor Q12 in 
the output short-circuit protection 
network. Transistor Qn and asso¬ 
ciated network are used to bias the 
output stage for class AB operation. 

The open-loop gain-frequency 
characteristics for the CA741 opera¬ 
tional amplifier are shown in Fig. 
219. Use of internal compensation 
in the device rolls-off the amplifier 
frequency response at a rate of 20 
dB per frequency-decade over the 
range from 10 Hz to 10 MHz. This 
characteristic insures stability in 
closed-loop applications. 

Internally compensated integrated- 



Fig. 217—Simplified schematic of a “741” integrated-circuit operational amplifier. 
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Fig. 218—Schematic diagram of the RCA-CA741 internally compensated integrated- 
circuit operational amplifier. 



Fig. 219 — Open-loop voltage gain-fre¬ 
quency characteristics for the CA741 inte¬ 
grated-circuit operational amplifier. 


circuit operational amplifiers, such 
as the ‘‘741”, offer the user the 
simplest solution to applications in 
which feedback is employed to es¬ 
tablish accurately and maintain a 
fixed amount of gain. Fig. 220 shows 
that inverting and noninverting am¬ 
plifiers can be designed with the use 
of only three external resistors to 
establish the gain desired. 

The use of operational amplifiers 
with internal compensation is not, 
however, a universal panacea for all 
applications in which such circuits 
can be used. Fig. 219 shows that 
compensation for unconditional sta¬ 
bility (100-per-cent feedback), such 
as practiced with the “741”, sharply 
restricts the frequency response of 
an amplifier and also acutely reduces 
response speed of the circuit under 
transient-signal conditions. Conse¬ 
quently, many operational-amplifier 
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Rf 



Fig. 220—Connection of the CA741 inte¬ 
grated-circuit operational amplifier in (a) 
inverting-amplifier and (b) noninverting- 
amplifier configurations. 

circuits that feature internal phase 
compensation are also offered in 
“uncompensated’’ versions for use in 
specialized applications for which 
phase compensation either is not 
required (e.g*., comparators )or can 
be minimized. For example, the con¬ 
figuration of the CA748 integrated- 
circuit operational amplifier is pre¬ 
cisely similar to that of the CA741 
except for the fact that the internal 
phase-compensation capacitor has 
been omitted, and two terminals 
have been provided for the connec¬ 
tion of an appropriate phase-com¬ 
pensation capacitor when required 
in particular applications. 

Operational Transconductance 
Amplifier (OTA) 

The RCA operational transcon¬ 
ductance amplifier (OTA) is a 
unique type of operational amplifier 


that offers numerous distinctive ad¬ 
vantages to the circuit designer. It 
has all the generic characteristics of 
the classical operational voltage am¬ 
plifier (OVA) described in the pre¬ 
ceding section except that the for¬ 
ward transfer characteristic is best 
described by transconductance rather 
than voltage gain. The output of 
the operational transconductance 
amplifier is a current, the magnitude 
of which is equal to the product of 
transconductance and the input volt¬ 
age (i.e., iout = gm ein). The output 
circuit of this amplifier, therefore, 
may be characterized by an infinite- 
impedance current generator, rather 
than the zero-impedance voltage gen¬ 
erator used to represent the output 
circuit of an operational voltage am¬ 
plifier. The low output conductance 
of the operational transconductance 
amplifier permits the circuit to ap¬ 
proach the ideal current generator. 

When the operational transcon¬ 
ductance amplifier is terminated in 
a suitable resistive load impedance 
and provisions are included for feed¬ 
back, its performance is essentially 
identical in all respects to that of an 
equivalent operational voltage am¬ 
plifier. The electrical characteristics 
of the OTA circuits, however, are 
functions of the amplifier bias cur¬ 
rent. In the OTA, therefore, access 
is provided to bias the amplifier by 
means of an externally applied cur¬ 
rent. As a result, the transconduct¬ 
ance, amplifier, dissipation, and 
circuit loading may be externally es¬ 
tablished and varied at the option of 
the user. This feature adds a new 
dimension to the design and applica¬ 
tion of operational-amplifier circuits. 
The brief summary of the goals of 
ideal OTA and OVA circuits shown 
in Table XXIII points out the basic 
similarities and the significant dif¬ 
ferences of these amplifiers. 

Circuit Operation—Fig. 221 shows 
the equivalent circuit for the OTA. 
The output signal is a “current” 
which is proportional to the trans- 
conductance (gm) of the OTA es¬ 
tablished by the amplifier bias cur¬ 
rent (Iabc) and the differential in- 
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Table XXIII—Comparison of idealized OTA and OVA Circuits 


Characteristic 


OTA 


OVA 


INPUT IMPEDANCE 
INPUT BIAS CURRENT 
OFFSET VOLTAGE 

GAIN 

BANDWIDTH 
SLEW RATE 
OUTPUT VOLTAGE 
OUTPUT CURRENT 
OUTPUT IMPEDANCE 
OPERATING CURRENT 
(AT FIXED SUPPLY VOLTAGE) 


_ HIGH _ 

_LOW_ 

_ 0 _ 

HIGH HIGH 

TRANSCONDUCTANCE VOLTAGE GAIN 

_INFINITE _ 

_ INFINITE _ 

LIMITED BY SUPPLIES 

~ _LIMITED BY SUPPLIES_ 

INFINITE 0 

ADJUSTABLE FIXED 


put voltage. The OTA can either 
source or sink current at the output 
terminals, depending on the polarity 
of the input signal. 

The availability of the amplifier 
bias current (Iabc) terminal sig¬ 
nificantly increases the flexibility of 
the OTA and permits the circuit de¬ 
signer to exercise his creativity in 
the utilization of this device in many 
unique applications not possible with 
the conventional operational ampli¬ 
fier. 

A simplified block diagram of the 
OTA is shown in Fig. 222. Transistors 
Qi and Q 2 comprise the differential 
input amplifier found in most opera¬ 
tional amplifiers, and the lettered- 
circles (with arrows leading either 
into or out of the circles) denote 
“current-mirrors”. Fig. 223 shows 
a simple current-mirror which is 


comprised of two transistors, one of 
which is diode-connected. In a cur- 





Fig. 222—Simplified diagram of OTA. 
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Fig. 221—Basic equivalent circuit of the OTA. 
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Fig. 223—Representative types of current mirrors; (a) diode-connected transistor paired 
with transistor; (b) improved version: employs an extra transistor. 


rent-mirror, with similar geome¬ 
tries for Qa and Qb, the current I' 
establishes a second current I whose 
value is essentially equal to that of 
r. This simple current-mirror con¬ 
figuration is sensitive to the tran¬ 
sistor beta {(3). The addition of an¬ 
other active transistor shown in Fig. 
223(b), greatly diminishes the cir¬ 
cuit sensitivity to transistor beta 
((3) and increases the current-source 


output impedance in direct propor¬ 
tion to the transistor beta (f3) . Cur- 
rent-mirror W (shown in Fig. 222) 
uses the configuration shown in Fig. 
223(a), while mirrors X, Y, and Z 
are basically the version shown in 
Fig. 223(b). Mirrors Y and Z em¬ 
ploy p-n-p transistors, as depicted 
by the arrows pointing outward from 
the mirrors. 

Fig. 224 is the complete schematic 





Fig. 224—Schematic diagram of an operational transconductance amplifier (CA3080 

series). 
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diagram of an OTA. This OTA em¬ 
ploys only active devices (transis¬ 
tors and diodes). Current applied to 
the amplifier-bias-current terminal, 
Iabc, establishes the emitter current 
of the input differential amplifier 
Qi and Q 2 . Hence, effective control 
of the differential transconductance 
(gm) is achieved. At room tempera¬ 
ture, g,n = 19.2 X Iabc, where gm is 
in millimhos and Iabc is in milli- 
amperes. 

Transistor Qa and diode ,Di 
(shown in Fig. 224) comprise the 
current mirror ''W” of Fig. 222. 
Similarly, transistors Q 7 , Qs, and 
Qg and diode Dr, of Fig. 224 com¬ 
prise the generic current mirror 
of Fig. 224. Darlington-con¬ 
nected transistors are employed in 
mirrors and ^‘Z” to reduce the 

voltage sensitivity of the mirror, by 
the increase of the mirror output 
impedance. Transistors Qio and Qn 
and diode Do of Fig. 224 comprise 
the curreut-mirror of Fig. 222. 
Diodes Da and D 4 are connected 
across the base-emitter junctions of 
Qs and Qh, respectively, to improve 
the circuit speed. The amplifier out¬ 
put signal is derived from the col¬ 
lectors of the “Z’’ and current- 
mirror of Fig. 222, providing 
push-pull Class A output stage that 
produces full differential gm. 

Typical Applications—In addition 
to the classical applications in which 
operational amplifiers are ordinarily 


used, OTA’s can be used advantage¬ 
ously in a variety of applications not 
easily accomplished with effective¬ 
ness by ordinary operational ampli¬ 
fiers, such as amplitude modulators, 
time-division multiplexers, sample- 
and-hold circuits, analog multipliers, 
mixers, and gain control. These types 
of circuit applications are more eas¬ 
ily executed by using an OTA be¬ 
cause it contains circuitry by which 
the amplifier gain can be linearly or 
digitally programmed, independently 
of the differential input signal. 

The uniqueness of the OTA from 
an applications standpoint can be 
illustrated by describing its use in 
an amplitude-modulator circuit. Ef¬ 
fective gain control of a signal may 
be obtained by controlled variation 
of the amplifier-bias-current (Iabc) 
in the OTA because its gm is directly 
proportional to the amplifier-bias- 
current (Iabc). For a specified value 
of amplifier-bias-current, the output 
current (lo) is equal to the product 
of gm and the input signal magni¬ 
tude. The output voltage swing is 
the product of output current (lo) 
and the load resistance (Rl). 

Fig. 225 shows the configuration 
for this form of basic gain control 
(a modulation system). The output 
signal current (lo) is equal to -gm X 
Vx; the sign of the output signal 
is negative because the input signal 
is applied to the inverting input 
terminal of the OTA. The transcon¬ 
ductance of the OTA is controlled 



Fig. 225—Amplitude modulator circuit using the OTA. 
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by adjustment of the amplifier bias 
current, Iabc. In this circuit, the level 
of the unmodulated carrier output 
is established by a particular ampli¬ 
fier-bias-current (Iabc) through re¬ 
sistor Rm. Amplitude modulation 
of the carrier frequency occurs be¬ 
cause variation of the voltage Vm 
forces a change in the amplifier- 
bias-current (Iabc) supplied via re¬ 
sistor Rm. When Vm goes positive 
the bias current increases which 
causes a corresponding increase in 
the gni of the OTA. When the Vm 
goes in the negative direction 
(toward the amplifier-bias-current 
terminal potential), the amplifier- 
bias-current decreases, and reduces 
the gm of the OTA. 

As discussed earlier, gm = 19.2 X 
Iabc, where gm is in millimhos when 
Iabc is in milliamperes.. In this case, 
Iabc is approximately equal to: 

Vm - (V-) 


do) = -gmVx 

gmVx = (19.2) (Iabc) (Vx) 
-19.2 [Vm - (Vd] Vx 


19.2(Vx) (V-) 19.2(Vx) (Vm) 

Rm Rm 

(Modulation Equation). 


There are two terms in the modu¬ 
lation equation: the first term rep¬ 
resents the fixed carrier input, in¬ 
dependent of Vm, and the second 
term represents the modulation, 
which either adds to or subtracts 
from the first term. When Vm is 
equal to the V" term, the output is 
reduced to zero. 

Figs. 226(a) and 226(b) show os¬ 
cilloscope photographs of the output 
voltages obtained when the circuit 
of Fig. 225 is used as a modulator 
for both sinusoidal and triangular 
modulating signals. This method of 
modulation permits a range exceed¬ 
ing 1000:1 in the gain, and thus 



TOP TRACE:MODULATION FREQUENCY INPUT 
» 20VOLTS P-PaSO/isec/DIV 
CENTER TRACE: AMPLITUDE MODULATE OUTPUT 
500mV/DIV a SO^sec/DIV 
BOTTOM TRACE:EXPANDED OUTPUT TO SHOW 

DEPTH OF MOOULATION 20mV/DIV 


a 50uS*C/DIV ao/... 
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20 VOLTS a 50/xsec/DIV 
BOTTOM TRACE:AMPLITUDE MODULATED OUTPUT 


500mV/DIV a 50/*sec/DIV 


92CS-25808 


(c) 

TOP TRACE:GATED OUTPUT IV/DIV AND SO/iSec/DIV 
BOTTOM TRACE: VOLTAGE EXPANSION OF ABOVE 
SIGNAL-SHOWING NO RESIDUAL 
ImV/DIV AND 50^s«c/DIV-AT 
LEAST 80 db OF ISOLATION 
fq =100 kHz 

92CS-25809 


Fig. 226 — {a) Oscilloscope photograph of 
amplitude modulator circuit waveforms 
with Rm = 40 kCl, = 10 V, and 
V- - -10 V, 
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provides modulation of the carrier 
input in excess of 99%. The photo 
in Fig. 226(c) shows the excellent 
isolation achieved in this modulator 
during the “gated-olf” condition. 

COMPARATORS 

Many electronics applications re¬ 
quire that a comparison be made be¬ 
tween two voltages, and that an out¬ 
put is supplied in accordance with 
which of the two is the greater. Ex¬ 
amples of such applications for com¬ 
parators include use as a threshold 
detector, a voltage comparator in 
analog-to-digital (A/D) converters, 
a pulse-height discriminator, pulse- 
width modulator, a zero-crossing de¬ 
tector, and the like. A dual compara¬ 
tor can be used as a core-memory 
sense amplifier, a window discrimi¬ 
nator in pulse-height analyzers, or 
a double-ended limit detector for au¬ 
tomatic go/no-go test equipment. In 
many instances, a comparator is used 
to interface directly with digital 
circuits by producing a digital one 
or zero at the output when one in¬ 
put is higher than the other. Many 
industrial control applications also 
employ comparators. For example, 
the RCA-CA3059 integrated-circuit 
zero-voltage switch (described later 
in the section AC Power Control), 
for example, contains an integral 
comparator circuit function to actu¬ 
ate a control function when the out¬ 
put voltage from a sensor [e.g., a 
thermistor] exceeds a predeter¬ 
mined reference voltage. The com¬ 
parator toggles the output voltage to 
its original state when voltage from 
the sensor drops below the reference 
voltage. 

Most integrated-circuit compara¬ 
tors employ a differential-amplifier 
input stage coupled to a single-ended 
output amplifier. A reference volt¬ 
age is applied to one terminal of the 
differential input stage, and the 
voltage to be compared is applied 
to the other terminal. The output 
stage is toggled to a “high’^ or “low^^ 
output in accordance with the volt¬ 
age comparison. When the voltage 


to be compared has a slowly varying 
characteristic, “snap action^’ can be 
added to the circuit by means of 
positive feedback to reduce the “un¬ 
certainty region'’ in which toggle¬ 
switching occurs. 

Although a number of integrated 
circuits have been specifically de¬ 
signed for comparator service, op¬ 
erational amplifiers are also fre¬ 
quently used as comparators. Because 
the input-stage of a comparator cir¬ 
cuit is usually a differential ampli¬ 
fier, the same basic input-circuit 
parameters are specified for them 
as for operational amplifiers, namely, 
input bias current, input offset cur¬ 
rent, and input offset voltage. In the 
comparator application, however, the 
effect of input offset voltage is not 
“amplified” as is the case in closed- 
loop operational-amplifier circuits. In 
a comparator, errors introduced by 
the input offset voltage are directly 
related to the reference voltage. For 
example, an offset voltage of 5 milli¬ 
volts represents an error of only 1 
per cent if the reference voltage is 
5 volts dc. Because comparators do 
not employ linear feedback circuitry, 
they can be operated without the 
frequency-compensation capacitor re¬ 
quired in closed-loop operational- 
amplifier circuits. Consequently, a 
comparator can change its output 
voltage state more rapidly than a 
compensated operational amplifier 
because there is no compensation 
capacitor to be charged and dis¬ 
charged. Finally, the output stage 
of a comparator is usually required 
to either source or sink current, as 
is the case for an operational am¬ 
plifier. Following is a description of 
a unique operational-amplifier cir¬ 
cuit which is also very attractive 
for use in comparator circuits. 


COS/MOS Operational-Amplifier 
for Comparator Applications 

The CA3130 COS/MOS integrated 
circuit shown in Fig. 227 has many 
distinctive op-amp characteristics, 
but additionally has features (e.g.. 
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note: 

DIODES D5THROUGH D8 PROVIDE 
GATE-OXIDE PROTECTION FOR 
MOS/FET INPUT STAGE 


Fig. 227 — CA3130 COS/MOS integrated-circuit operational amplifier. 


strobing capability and ideal char¬ 
acteristics for interfacing with COS/ 
MOS digital circuits) of great util¬ 
ity in comparator applications. 

Circuit Description—The CAS 130 
is basically a three-stage amplifier; 
it consists of a differential-input 
stage that uses P-MOS transistors 
(Qo and Qt), an intermediate gain- 
stage that uses a single bipolar 
transistor (Qn) and a drain-loaded 
output stage that uses COmple- 
mentary-Symmetry MOS transistors 
(Qs and Q 12 ). Cascode-connected P- 
MOS transistors (Q 2 and Q 4 ) are 
used in the constant-current source 
for the differential input-stage; the 
current-flow is established by the 
diode-connected P-MOS transistor 
Qi '‘mirrored” to the P-MOS tran¬ 
sistor Q 2 . Zener diode Zi establishes 
an 8.3-volt source across the series- 


connected circuit consisting of re¬ 
sistor Ri, diodes Di through D 4 , and 
transistor Qi. A tap at the R1-D4 
junction provides bias-voltage for 
transistor Q 4 . The small diodes (Ds 
through Ds) provide gate-oxide pro¬ 
tection against high-voltage tran¬ 
sients (e.g., static electricity) for 
transistors Qo and Q7. The combina¬ 
tion of the diode-connected P-MOS 
transistor Qg and transistor Qw rep¬ 
resents the active-device collector¬ 
loads for transistors Qo and Qt and 
additionally is used for conversion 
from the differential configuration 
into the single-ended output needed 
to drive transistor Qu. The cascode- 
connected P-MOS transistors Q 3 and 
Qs, which are biased in the manner 
described for transistors Q 2 and Q 4 , 
respectively, are used as a collector 
load for transistor Qu. The output 
stage uses drain-loaded COS/MOS 
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transistors (P-MOS type Qs and 
N>MOS type Q 12 ) that are normally 
operated under class A conditions. 
Offset-nulling is accomplished by 
connection of a potentiometer be¬ 
tween terminals 1 and 5, with the 
slider arm connected to terminal 4. 
A single external capacitor, con¬ 
nected between terminals 1 and 8, 
is used to ‘*compensate^^ the ampli¬ 
fier. The open-loop gain as a func¬ 
tion of frequency for both phase- 
compensated and uncompensated 
operation of the COS/MOS opera¬ 
tional amplifier is shown in Fig. 228. 



Fig. 228 — Open-loop gain as a function of 
frequency for the CA3130 COS/MOS in¬ 
tegrated-circuit operational amplifier in 

phase-compensated and uncompensated 
configurations. 

Some of the major advantages of 
the CA3130 COS/MOS operational 
amplifier are as follows: 

1. Inputs can operate with signals 
down to the negative-supply termi¬ 
nal. 

2. Output can be swung to within 
millivolts of either supply-terminal 
under lightly loaded conditions; 
[e.g., interfacing with COS/MOS 
digital circuits]. 

3. Very high input impedance (Zi), 
1000 Megohms (typical). 

4. Low input-bias current, 2 pico- 
amperes (typical). 

5. Wide bandwidth, unity-gain 
crossover at 15 MHz. 


6. High open-loop gain, 100 dB 
(typical). 

7. High slew-rate, 8 volts per 
microsecond (typical) as unity-gain 
follower. 

8. High output-current capability, 
20 milliamperes (typical). 

9. Output can be controlled by 
strobing (e.g., for use in compara¬ 
tors and power-control circuits). 


CA3130 

Comparator Circuit 

The foregoing advantages are like¬ 
wise applicable when the CA3130- 
series circuits are used in compara¬ 
tor applications. Additionally, as 
previously noted, comparators are 
usually operated in the uncompen¬ 
sated mode. Under these conditions, 
the CA3130 has an unusually high 
slew-rate, about 10 volts per micro¬ 
second. 

Fig. 229 shows the schematic of 
a strobed comparator using the 
CA3130 COS/MOS operational am¬ 
plifier operating from a single sup¬ 
ply. In its quiescent state, (logic 
“0'^ on strobing-terminal 8) the out¬ 
put is ^‘high^^ i.e., essentially equal 
to the supply-voltage. The com¬ 
parator is strobed ^^on’^ by the ap¬ 
plication of a + 10-volt signal at 
terminal 8. If the signal voltage at 
terminal 2 is more positive than the 
positive reference voltage at termi¬ 
nal 3, the output voltage at terminal 
6 swings down to within a few milli¬ 
volts of ground (logic ^‘0^0- If the 
signal voltage at terminal 2 is less 
positive than the reference voltage, 
the output voltage remains ‘‘high’’ 
(logic “1”), i.e., essentially equal to 
the supply-voltage. The “sense” 
of the output voltage can be reversed 
by interchanging the signal and 
reference voltages. This type of 
single-supply comparator can be 
used to compare potentials whose 
magnitudes are in the proximity of 
ground potential; it can also com¬ 
pare potentials with values up to 
about 12 volts. 
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Fig. 229—Strobed comparator using the CA3130 COS/MOS integrated-circuit operational 

amplifier. 


Programmable Comparator 
with Memory 

Fig. 230 shows the block diagram 
of an integrated-circuit program¬ 
mable comparator. This integrated 
circuit, the CA3099E, is particularly 
useful in the direct control of high- 
operating-current loads such as 
thyristors, lamps, and relays, that 
require currents up to 150 milli- 


amperes. Nevertheless, it operates 
with microwatt standby power dis¬ 
sipation when the current to be con¬ 
trolled is less than 30 milliamperes. 
As indicated in Fig. 230, the 
CA3099E contains the following six 
major circuit-function features: 

1. Differential amplifiers and sum¬ 
mer. The circuit uses two differen¬ 
tial amplifiers, one to compare the 
input voltage with the “high^^ ref- 



Fig. 230—Block diagram of CA3099E programmable comparator. 
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erence, and the other to compare the 
input with the “low"' reference. The 
resultant output of the differential 
amplifiers actuates a summer circuit 
which delivers a trigger that ini¬ 
tiates a change in state of a flip-flop. 

2. Flip-flop. The flip-flop functions 
as a bistable “memory’’ element that 
changes state in response to each 
trigger command. 

3. Driver and output stages. These 
stages permit the circuit to “sink” 
maximum peak load currents up to 
150 milliamperes at terminal 3. 

4. Programmable operating cur¬ 
rent. The circuit incorporates a sepa¬ 
rate terminal to permit program¬ 
ming the desired quiescent operating 
current and performance parameters. 

5. Internal sources of reference 
voltage and programmable bias cur¬ 
rent. An integral circuit supplies a 
temperature-compensated reference 
voltage (Vb/2) which is about one- 
half the externally applied bias volt¬ 
age (Vb). Additionally, integral 
circuitry can optionally be used to 
supply an uncompensated constant- 
current source of bias (Ibias). 

6. Voltage regulator. Optional on- 
chip voltage regulation is available 
when power for the CA3099E is 
provided by an unregulated supply. 


Fig. 231 shows the simplicity with 
which the CA3099E can be used for 



Rl FOR SETTING "HIGH"REFERENCE VOLTAGE 
R2 FOR SETTING "L0W“ REFERENCE VOLTAGE 
R3 FOR VARIATION OF HYSTERESIS 


Fig. 231 — Off/on control of triac with 
programmable hysteresis. 


off/on control of a triac in re¬ 
sponse to the output of a sensor 
(thermal, light, or other types). 

Fig. 232 shows the schematic dia¬ 
gram for a unique integrated-circuit 
programmable power/switch ampli¬ 
fier, the CA3094. In this circuit, a 
high-gain OTA type of preamplifier 
is used to drive the power-amplifier 
output stage. The preamplifier in 
this circuit is identical to the CA3080 
operational transconductance ampli¬ 
fier shown in Fig. 224. The output 
stage employs a Darlington-con¬ 
nected pair of output transistors, 
Qi 2 and Qi3 that can deliver average 
power of 3 watts or peak power of 
10 watts to an external load. Al¬ 
though the CA3094 integrated cir¬ 
cuit can be operated under quiescent 
conditions with only a few micro¬ 
watts of power, when “keyed” on, it 
can control currents of 100 milli¬ 
amperes average (or 300 milli¬ 
amperes peak). 

POWER-CONTROL CIRCUITS 

Linear integrated circuits play an 
increasingly important role in power- 
control applications, such as voltage 
regulators, zero-voltage switching 
circuits, and programmable power 
switches. 

Integrated-circuit voltage regula¬ 
tors range in complexity from com¬ 
paratively simple three-terminal 
types that provide a fixed-voltage 
output to more sophisticated types 
that can be adjusted for operation 
over a wide range of output voltages. 
An example of this latter type was 
described earlier in the section Ma¬ 
terials, Junctions, and Devices^ Other 
examples of the application of in¬ 
tegrated-circuit voltage regulators 
are described in the section DC 
Power Supplies. 

The principles and advantages of 
zero-voltage switching in power con¬ 
trol applications are explained later 
in the section AC Power Controls. 
This section also describes the opera¬ 
tion and application of an integrated 
circuit, the CA3059, that is an ex¬ 
cellent and widely used trigger cir- 
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cuit for thyristors in zero-voltage 
power-switching and control applica- 
tions. 

Fig. 233 shows a line-operated 
thyristor-firing circuit controlled by 
a CA3094 that operates from an ac- 


bridge sensor. This circuit is par¬ 
ticularly suited to certain classes 
of sensors that cannot be operated 
from dc. The CA3094 is inoperative 
when the high side of the ac line is 
negative because there is no Iaho 
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Fig. 232—Circuit diagram for CA3094-series integrated-circuit programmable power 

switch/amplifier. 



Fig. 233 — Line-operated thyristor-firing circuit controlled by ac-bridge sensor. 
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supply to terminal 5. When the sen¬ 
sor bridge is unbalanced so that 
terminal 2 is more positive than 
terminal 3, the output stage of the 
CA3094 is cut off v^hen the ac line 
swings positive, and the output level 
at terminal 8 of the CA3094 goes 
“high’^ Current from the line flows 
through the 1N3193 diode to charge 
the 100-microfarad reservoir capa¬ 
citor, and also provides current to 
drive the triac into conduction. Dur¬ 
ing the succeeding negative swing 
of the ac line, there is sufficient 
remanent energy in the reservoir 
capacitor to maintain conduction in 
the triac. 

When the bridge is unbalanced in 
the opposite direction so that termi¬ 
nal 3 is more positive than terminal 
2, the output of the CA3094 at termi¬ 
nal 8 is driven sufficiently “low” to 
“sink” the current supplied through 
the 1N3193 diode so that the triac 
gate cannot be triggered. Resistor 
Ri supplies the hysteresis feedback 
to prevent rapid cycling between 
turn-on and turn-off. 

The CA3094 integrated circuit can 
directly control lights and relays; it 
is very useful in motor-speed con¬ 
trollers. In addition to the power¬ 
switching applications, it is also an 
excellent comparator and is an ideal 
driver for audio power transistors. 
This later application of the CA3094 
is discussed in the section Audio 
Power Amplifiers. 

SPECIAL-PURPOSE CIRCUITS 

The functional classifications of 
integrated circuits for linear appli¬ 
cations reviewed in the preceding 
paragraphs have dealt with cate¬ 
gories of devices that have a broad, 
general spectrum of applicability. 
There are, however, a multitude of 
special-purpose types of linear in¬ 
tegrated circuits being produced, 
some types in very high volume. 
Some typical special-purpose types 
of integrated circuits for linear ap¬ 
plication are as follows: 

AM and FM radio-receiving cir¬ 
cuits 


TV receiver circuits 
Analog multipliers 
Phase-locked loops 
Analog timing circuits 
Optoelectronic circuits 
Analog-to-digital (A/D) convert¬ 
ers 

Digital-to-analog (D/A) convert¬ 
ers 

Sense amplifiers for memory cores 
Thermal sensors 

The following paragraphs describe 
RCA integrated circuits used in 
analog multipliers, phase-locked 
loops, analog timing circuits, and 
optoelectronic circuits. RCA inte¬ 
grated circuits for AM, FM, and 
TV receiver applications are de¬ 
scribed in a later section of this 
Manual. 

Analog Multipliers 

An analog multiplier is, essen¬ 
tially, a gain-controlled amplifier 
that multiplies the input signal (Vx) 
with the external gain controlling 
signal (Vy) to produce the resultant 
output (Vo). The gain is externally 
adjustable by a coefficient (k). 
Stated simply, a multiplier produces 
an output voltage that is the linear 
product of two input voltages. Fig. 
234 shows the symbolic diagram for 
an analog multiplier. 

The basic multiplier, shown in Fig. 
235(a), is a two-quadrant multi¬ 
plier. The input signal (Vx) may 
have either a positive or negative 
polarity; however, the external gain¬ 
controlling signal (Vy) must be 
positive and greater than the base- 



Fig. 234 — Gain-controlled amplifier. 
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92CS-19658 

92CS-19657 

Fig. 235 — Two-quadrant multiplier: (a) basic circuit; (b) multiplier functional only in 

shaded region. 


to-emitter voltage, as indicated in 
Fig. 235(b). The output current 
(Ii — I 2 ) of the differential ampli¬ 
fier, comprised of transistors Qi and 
Q 2 , is related to both the input sig¬ 
nal (Vx) and the source current (I). 

Since the course current (I) is 
related to the gain-controlling sig¬ 
nal (Vy), the output current (Ii — 
I 2 ), therefore, is related to both Vx 
and Vy. This relationship is essen¬ 
tially nonlinear; thus an appropri¬ 
ate linearization circuit must be 
provided in the input stage to 
achieve the following linear rela¬ 
tionship : 

Ii - I2 = k' Vx Vy 

where k' is a constant. 

Fig. 236 shows a typical arrange¬ 
ment of three differential amplifiers 
to form a four-quadrant multiplier. 
This arrangement incorporates the 
operating principles of the two- 
quadrant multiplier, but, in addi¬ 
tion, it permits both of the input 
signals (Vx and Vy) to have posi¬ 
tive or negative polarities (or zero). 
When either input is zero, the out¬ 
put current (Ii — I 2 ) must, theo¬ 
retically, be zero as is shown by 
the following: 

1. Assume Vx = 0, then u 1 = U 
and is = u therefore ii -f i4 = i 2 
-}- is. Since Ii = ii -f i 4 and I 2 = i 2 + 
is, then Ii n: I 2 . This equality is in¬ 
dependent of Vy. 


2. Now assume Vy = 0, then is = 
ic. Since is = ii -f U and i« =: is -f 
i4, then ii -f is = is i 4 . Since ii =: 
is and is = u then u -f h = is -f- is. 
Therefore h = h. This equality is in¬ 
dependent of Vx. 

The multiplying operation dis¬ 
cussed in the previous section ap¬ 
plies when neither Vx nor Vy is zero. 
The output current (Ii — I2) then 
satisfies the following equation: 

Ii - I2 = k'VxVy. 
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The multiplying action of the 
four-quadrant multiplier is depend¬ 
ent on current unbalance in the 
three differential amplifiers. Ideally, 
the multiplying operation should not 
occur if either Vx or Vy is 0. How¬ 
ever, in practical applications, slight 
current unbalances do exist. It is 
necessary, therefore, to null out 
such unbalances with external po¬ 
tentiometers prior to operation. 

The functional block diagram of 
a monolithic integrated circuit ana¬ 
log multiplier, the CA3091D, is 
shown in Fig. 237. With the circuit 
values shown, the circuit can provide 
an output current at terminal 10 in 
accordance with the product of Vx 
(terminal 2) and Vy (terminal 13). 
Appropriate external peripheral cir¬ 
cuit components are shown to pro¬ 
vide adjustment for linearity, x-y 
balance, k-factor, and zero output. 

In addition to functioning as a 
multiplier, the CA3091 can be used 
as a divider, squarer, square rooter, 
and power-series approximator. This 
integrated circuit is also useful in 
applications such as ideal full-wave 


rectifiers, automatic level control¬ 
lers, rms converters, frequency dis¬ 
criminators, and voltage-controlled 
filters. 

Phase-Locked Loops 

Phase-locked-loops (PLL’s), espe¬ 
cially in monolithic integrated-cir¬ 
cuit form, are finding significantly 
increased usage in signal-processing 
and digital systems. FM demodula¬ 
tion, FSK demodulation, tone de¬ 
coding, frequency multiplication, sig¬ 
nal conditioning, clock synchroniza¬ 
tion, and frequency synthesis are 
some of the many applications of a 
PLL. 

Basic System—The basic phase- 
locked-loop system is shown in Fig. 
238; it consists of three parts: 
phase comparator, low-pass filter, 
and voltage-controlled oscillator 
(VCO) ; all are connected to form 
a closed-loop frequency-feedback sys¬ 
tem. 

With no signal input applied to 
the PLL system, the error voltage 
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Fig. 238—Block diagram of phase-locked 
loop (PLL). 


at the output of the phase compara¬ 
tor is zero. The voltage, Vd(t), from 
the low-pass filter is also zero, which 
causes the VCO to operate at a set 
frequency, fo, called the center fre¬ 
quency. When an input signal is ap¬ 
plied to the PLL, the phase com¬ 
parator compares the phase and 
frequency of the signal input with 
the VCO frequency and generates 
an error voltage proportional to the 
phase and frequency difference of 
the input signal and the VCO. The 
error voltage, Ve(t), is filtered and 
applied to the control input of the 
VCO; V,i(t) varies in a direction 
that reduces the frequency difference 


between the VCO and signal-input 
frequency. When the input frequency 
is sufficiently close to the VCO fre¬ 
quency, the closed-loop nature of the 
PLL forces the VCO to lock in fre¬ 
quency with the signal input; i.e., 
when the PLL is in lock, the VCO 
frequency is identical to the signal 
input except for a finite phase dif¬ 
ference. The range of frequencies 
over which the PLL can maintain 
this locked condition is defined as 
the lock range of the system. The 
lock range is always larger than the 
band of frequencies over which* 
the PLL can acquire a locked condi¬ 
tion with the signal input. This lat¬ 
ter band of frequencies is defined as 
the capture range of the PLL system. 

COS/MOS Phase-Locked Loop— 
Fig. 239 shows the block diagram of 
an integrated-circuit PLL imple¬ 
mented with COS/MOS transistors. 
This circuit, type CD4046A, consists 
of a low-power, linear voltage-con¬ 
trolled oscillator (VCO) and two 
different phase comparators having 
a common signal-input amplifier and 
a common comparator input. A 5.2- 
volt zener diode is provided for sup- 



Fig. 239 — COS/MOS phase-locked loop block diagram. 
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ply regulation, if necessary. The 
CD4046A operates at frequencies up 
to 1.2 MHz with a supply voltage 
Vdi) of 10 volts; it consumes only 70 
microwatts of power with the VCO 
operated at fo r= 10 kHz and Vdd = 
5 V; VCO linearity is 1 per cent. 

The VCO requires one external 
capacitor Ci and one or two external 
resistors (Ri or Ri and R 2 ). Resis¬ 
tor Ri and capacitor Ci determine 
the frequency range of the VCO and 
resistor R 2 enables the VCO to have 
a frequency offset if required. The 
high input impedance (10’^ ohms) of 
the VCO simplifies the design of low- 
pass filters by permitting the de¬ 
signer a wide choice of resistor-to- 
capacitor ratios. In order not to load 
the low-pass filter, a source-follower 
output of the VCO input voltage is 
provided at terminal 10 (DEMODU¬ 
LATED OUTPUT). If this termi¬ 
nal is used, a load resistor (Rs) of 
10 kilohms or more should be con¬ 
nected from this terminal to Vss. If 
unused, this terminal should be left 
open. The VCO can be connected 
either directly or through frequency 
dividers to the comparator input of 
the phase comparators. A full COS/ 
MOS logic swing is available at the 
output of the VCO and allows direct 
coupling to COS/MOS frequency 
dividers such as the CD4024A, 
CD4018A, CD4020A, CD4022A, or 
CD4029A COS/MOS integrated-cir¬ 
cuit counters. (These counter cir¬ 
cuits are described later in the 
section Counters and Registers.) One 
or more CD4018A (Presettable Di- 
vide-by-N Counter) or CD4029A 
(Presettable Up/Down Counter), 
together with the CD4046A (Phase- 
Locked Loop) can be used to build 
a micro-power low-frequency syn¬ 
thesizer. A logic 0 on the INHIBIT 
input “enables” the VCO and the 
source follower, while a logic 1 
“turns off” both to minimize stand¬ 
by power consumption. 

Analog Timing Circuits 

Timing functions have long been 
performed by using analog electronic 


circuitry, such as the monostable 
(“one-shot”) multivibrator circuit. 
Their functioning has been predi¬ 
cated on the practical use of the 
classic resistance-capacitance (RC) 
time-constant relationship to control 
the switching of an electronic cir¬ 
cuit. With the advent of integrated 
circuits, however, the performance 
of electronic analog timers has be¬ 
come more sophisticated, and the 
user is being provided with addi¬ 
tional versatility in their applica¬ 
tion. Consequently, they have begun 
to pervade the role of thermal re¬ 
lays and electromechanical timers 
which have long dominated this field. 
Integrated circuits are now being 
used economically to provide accu¬ 
rate control of timing over periods 
ranging from microseconds to hours. 

Operation of an analog timing 
circuit is contingent upon the period 
required to charge (or discharge) a 
capacitor to some predetermined 
level. Some timers employ the clas¬ 
sic exponential charge (or dis¬ 
charge) characteristic of an RC net¬ 
work. A number of integrated cir¬ 
cuit timers, however, employ a 
source of constant-current flow to 
charge (or discharge) the timing 
capacitor linearly with respect to 
time. The following examples illus¬ 
trate timing circuits that use con¬ 
stant-current sources. The first ex¬ 
ample is predicated on linearly 
discharging a capacitor; the second 
example is predicated on charging 
a capacitor linearly through a con¬ 
stant-current source. 

Presettable Timer—The program¬ 
mability feature inherent in the op¬ 
erational transconductance amplifier 
(OTA) simplifies the design of pre¬ 
settable analog timers such as the 
one shown in Fig. 240. Long timing 
intervals (e.g., up to 4 hours) are 
achieved by discharging a timing 
capacitor Ci into the signal-input 
terminal (e.g., No. 3) of the CA3094 
integrated circuit. (The schematic 
diagram for the CA3094 is shown in 
Fig. 232.) This discharge current is 
controlled precisely by the magni- 
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Fig. 240—Presettable analog timer using the CA3094A COS/MOS integrated-circuit 

transistor array. 


tude of the amplifier bias current 
Iabc programmed into terminal 5 
through a resistor selected by switch 
S 2 . Operation of the circuit is ini¬ 
tiated by charging capacitor Ci 
through the momentary closing of 
switch Si. Capacitor Ci starts dis¬ 
charging and continues discharging 
until voltage Ei is less than voltage 
E 2 . The differential input transistors 
in the CA3094 then change state, 
and terminal 2 draws sufficient cur¬ 
rent to reverse the polarity of the 
output voltage (terminal 6). Thus, 
the CA3094 not only has provision 
for readily presetting the time delay, 
but also provides significant output 
current to drive control devices such 
as thyristors. Resistor Rs limits the 
initial charging current for Ci. Re¬ 
sistor R? establishes a minimum volt¬ 
age of at least 1 volt at terminal 2 
to insure operation within the com¬ 
mon-mode-input range of the device. 
The diode limits the maximum dif¬ 
ferential input voltage to 5 volts. 
Gross changes in time-range selec¬ 
tion are made with switch S 2 , and> 
vernier trimming adjustments are 
made with potentiometer Re. 

Analog Timer Using Constant- 
Current Capacitor-Charging—Fig. 
241 shows the schematic diagram of 


a timer circuit that uses a CA3600E 
COS/MOS transistor-array (Fig. 
193 shows the schematic diagram of 
the CA3600E). For purposes of ex¬ 
planation, it is ass^umed that capaci¬ 
tor Cl initially is in a completely 
discharged condition. Terminal 10, 
therefore, is initially at ground po¬ 
tential, and transistor ns is noncon- 
ductive. The circuitry at the left of 
terminal 10 provides a source of 
constant-current flow through pi to 
charge capacitor Ci increasingly 
positive with respect to ground. Af¬ 
ter the passage of time (T), capaci¬ 
tor Cl is charged sufficiently in the 
positive direction so that transistor 
ns is driven into conduction by its 
gate, and the lamp is lighted to sig¬ 
nify the end of the time-delay period. 
The circuit is reset by momentarily 
closing switch Si to discharge ca¬ 
pacitor Cl through Ri. 

Resistor-divider network Ri, R 2 
establishes the supply voltage to a 
constant-current network comprised 
of resistor Rs and the series-con¬ 
nected COS/MOS pair n 2 and p 2 , 
biased for linear operation by resis¬ 
tor Rb as previously described. This 
combination is connected to the gate 
terminal (No. 6) of transistor pi to 
form a current mirror, i.e., the cur¬ 
rent flowing through pi to charge 
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CA3600 Timer 



(TIME DELAY = 60 MINUTES, WITH CIRCUIT VALUES SHOWN) 


LAMP 
6E TYPE 
2208 


92CS-2I547 


Fig. 241—Analog timer using CA3600E COS/MOS integrated-circuit transistor array. 


Cl will be essentially equal to the 
constant-current flow established 
through Ra, na, and pa. 

Low-Power COS/MOS Monostable/ 
Astable Multivibrator^—As already 
noted, the monostable (one-shot) 
multivibrator has long been used in 
electronic timing circuitry. Its out¬ 
put changes state in response to the 
control enforced by its servility to a 


time-determining RC network. The 
practicality of integrated-circuit 
technology has led to more popular 
usage of multivibrators. In digital 
applications, for example, an inte¬ 
grated circuit is an attractive means 
of interfacing a multivibrator cir¬ 
cuit with appropriate digital-control 
circuitry. 

Fig. 242 shows the block diagram 
of a COS/MOS integrated circuit, 


R 



Fig. 242—Block diagram of CD4047 COS/MOS integrated-circuit monostable/astable 

multivibrator. 
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the CD4047, that contains a multi¬ 
vibrator with logic techniques in¬ 
corporated to permit positive or 
negative edge-triggered monostable 
multivibrator action having retrig¬ 
gering and external counting op¬ 
tions. Inputs inc lude + T rigger, — 
Trigger, Astable, Astable, Retrigger, 
and External _Reset. Buffered out¬ 
puts are Q, Q, and Oscillator. In 
all modes of operation, an external 
capacitor must be connected be¬ 
tween C-Timing and RC-Common 
terminals, and an external resistor 
must be connected between the R- 
Timing and RC-Common terminals. 

Astable (“free running”) opera¬ 
tion is enabled by a high level on 
the Astable input. The permd of the 
square wave at the Q and Q outputs 
in this mode of operation is a func¬ 
tion of the external components em¬ 
ployed. “True” input pulses on the 
Astable input or “ Complement” 
pulses on the Astable input allow 
the circuit to be used as a gatable 
multivibrator. An output whose 
period is half of that which appears 
at the Q terminal is available at the 
Oscillator Output terminal. 

In the monostable mode, positive- 
edge triggering is accomplished by 
application of a leading-edge pulse 
to the “-f Trigger” input and a low 
level to the “—Trigger” input. For 
negative-edge triggering, a trailing- 
edge pulse is applied to the “—Trig¬ 
ger” and a high level is applied to 
the “-1-Trigger”. Input pulses may 
be of any duration relative to the 
output pulse. The multivibrator can 
be retriggered (on the leading edge 
only) by application of a common 
pulse to both the “Retrigger” and 
“-[-Trigger” inputs. In this mode, the 
output pulse remains “high” as long 
as the input pulse period is shorter 
than the period determined by the 
RC components. 

An external countdown option can 
be implemented by coupling “Q” to 
an external “N” counter (e.g., 
CD4017A) and resetting the counter 
with the trigger pulse. The counter 
output pulse is fed back to the 
Astable input and has a duration 


equal to N times the period of the 
multivibrator. 

A high level on the External Re¬ 
set input assures no output pulse 
during a power-on condition. This 
input can also be activated to termi¬ 
nate the output pulse at any time. 

The COS/MOS transistor tech¬ 
nology used to implement the 
CD4047 results in unusually low 
power consumption, e.g., its quies¬ 
cent power dissipation is typically 
only about 0.5 microwatt. Long pulse 
widths can be generated with small 
RC components by using external 
COS/MOS digital counters. Fre¬ 
quency deviation in astable opera¬ 
tion is typically only ± 0.5 per cent 
plus 0.015 per cent per °C at an 
operating frequency of 10 kHz, with 
Vdd = 10 V ± 10 per cent. 

In addition to its obvious uses in 
timing and time-delay circuits, the 
CD4047 is applicable in frequency 
generation, frequency multiplica¬ 
tion, frequency division, frequency 
discrimination, and envelope detec¬ 
tion applications. 

Optoelectronic Circuits 

Integrated circuit technology per¬ 
mits the fabrication of photosensitive 
elements on a monolithic chip, to¬ 
gether with amplifiers and/or switch¬ 
ing circuits. The photograph of a 
simple device in this category of 
integrated circuits is shown in Fig. 
243. The monolithic chip can be 



Fig. 243—Photograph of CA3062 opto¬ 
electronic integrated circuit. 
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seen in the center of a modified 12- 
lead TO-5 style package containing 
a glass window. A block diagram of 
the integrated circuit, the CA3062, 
is shown in Fig. 244. The photo¬ 
sensitive section consists of Darling¬ 
ton pairs. The power amplifier has a 
differential configuration which pro¬ 
vides complementing output in re¬ 
sponse to a light input—normally 
‘‘on” and normally “off.” The sepa¬ 
rate photodetector, amplifier, and 
high-current switch provide a flex¬ 
ible circuit arrangement. This fea¬ 
ture, together with the high current 
capability of the output section, pro¬ 
vides the user with a complete sys¬ 
tem particularly useful in photo¬ 
electric control applications that use 
IR emitters and visible-light sources. 
The output stages can switch cur¬ 
rents up to 100 milliamperes. 

This type of device provides the 
designer with a simple “building 
block” for use in applications such 
as counters, sorting, level controls, 


position sensing, edge monitoring, 
isolators, and the like. The compact¬ 
ness of the device and the ease with 
which it can be employed are ad¬ 
vantageous. 


PRODUCT CLASSIFICATION 
CHARTS FOR RCA LINEAR 
INTEGRATED CIRCUITS 


The product-classification charts 
shown in Tables XXIV through 
XXVIII lists the more than 100 
types of linear integrated circuits 
available from RCA and indicate 
typical applications, performance 
features, and package for each of 
them. Detailed ratings and charac¬ 
teristics for these circuits are given 
in the RCA technical data bulletins. 
The data-bulletin File numbers are 
included in the charts below the cir¬ 
cuit type numbers. 



Fig. 244 — Light-operated relay using CA3062 optoelectronic integrated circuit. 
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■ 

■ 

■ 

■ 

i^mi 










Features 

_ 


■ 

■ 

■ 

■ 

■ 

miH: 

i^^^mfli 

■ 








Balanced Input 

□ 

□ 

□ 

□ 

□ 

■ 



■ 


■ 

■ 




Balanced Output 

• 


■ 

• 

• 

■ 



■ 


■ 

■ 





■ 

■1 

■ 

■ 

■ 

flBHI 

BHBHBli 

■ 






■ 

^ i” 

C&SBESSnDSHHHHHIIIi 

■ 

■1 

■ 

■ 

■ 


I^BBBHI 


■ 


■ 

■ 




Multiple Unit 

- 

■ 

• 


• 

■ 


■ 

■ 


■ 

■ 

■ 

-• 

i” 

Wide Band 

□ 

□1 

□ 

□ 

a 

■ 



■ 


■ 

■ 


■ 




TYPE DESIGNATION SUFFIX LETTER (SEE NOTED | 

je 

i 

Flat Pack Ceramic 

■ 

■ 

■ 

■ 

■ 

mHii 

miBHBi' 






r 



Dual In-Line Ceramic 

■ 

■ 

□ 

■ 

■ 

■■■ 

mmflU' 









Dual In-Line Plastic 




B 

B 

E 

E 

E 

E 



E 

■ 


■ 

TO-5 Style Straight Lead 










■ 

■ 



■ 


TO-5 Style Formed Lead 














VI 


Frit Seal Dual-ln-Line Ceramic 

B 

■1 

■ 

fl 

fl 

mu 

BBIHBi 









Chip 

D 

■1 

■ 

B 

D 

HQI 

flBKHH 



H 

H 

H 

H 

H 

H 

Beam-Lead 


_ 

_ 


■ 












Programmable Unijunction Transistor 


^Silicon Controlled Rectifier 
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Table XXVI—Broadband (Video) and Differential Amplifiers and 
AM/FM Communications Circuits 




Broadband (Video) 

Amplifiers 





1 

1 

i 

< 

o 

i 

3 

I 

3 

4- 

1 

3 

1 

i 

< 

u 

i 

3 

n 

i 

3 

i 

3 

1 

< 

u 

1 

1 

S 


i 

I 

n 

3 

I 

3 

i 

5 

§ 

n 

3 

I 

3 

CO 

3 

§ 

3 

i 

3 

1 

(D 

% 

3 

i 

< 

u 

I 

CO 

3 

< 

3 

« 

3 


r 

1 

1 

B 



5 

a 

5 


126 


s 

s 


s 


s 

s 

R 

R 

1 

5 

O 

§ 

s 

s 

§ 

o. 

< 

Voltage Regulator 

■ 


B 

B 

B 



B 

B 

fl 

B 

B 

B 


B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 


B 

B 

■ 

Comparator 



B 

B 

fl 




■ 

■ 

■ 

■ 

■ 


□ 

□ 

D 

D 


1 



• 











□ 

Comparator - High Current Output 



B 

B 

B 










B 

B 

B 

B 
















□ 

Control - Relays, Heaters, LED’s 

Lamps, etc. 





II 



1 

1 

1 

1 

1 

1 



] 


j 














1 

1 


Detector 





B 



B 

B 

B 

D 

D 

□ 


□ 

B 


D 

D 

□ 


D 

D 



O 

D 

D 

D 

B 


a 

D 


Differential Amplifier 



□ 

□ 

B 



D 

□ 

D 

D 

□ 

□ 


■ 

- 

■ 

■ 

« 

• 

■ 

. 

■ 

■ 

■ 

■ 

■ 

a 

■ 

a 


D 

□ 


Limiter 



□ 

□ 

□ 




B 

B 

D 

• 

□ 



□ 

□ 

D 



■ 


■ 

■ 

a. 

■ 

■ 

■ 

■ 

a 


O 



Mixer 



□ 

□ 

fl 



□ 

□ 

D 

D 

□ 

□ 


□ 



■ 

■ 

H 


D 

D 












Modulator 








□ 

□ 

D 

D 

□ 

□ 


□ 

■ 

■ 

■ 

■ 

- 

■ 

• 

■ 












Multivibrator 



B 

B 





□ 

□ 

1 




■ 




D 

□ 


■ 













Oscillator 



□ 

□ 





□ 

fl 

fl 

B 

fl 



□ 

m 

□ 

B 

B 

D 

B 

□ 












Schmitt Trigger 



B 

B 




□ 

□ 

D 

fl 

B 

B 


■ 

□ 

m 

D 

□ 

□ 

D 

D 

D 












Sense Amplifier 



B 

B 




□ 

□ 

□ 





a 

□ 

□ 

D 

□ 

□ 

D 

D 

□ 


a 










Switching 



□ 

□ 











□ 

□ 

□ 

□ 

□ 

□ 



■ 


B 

B 


B 

B 

IB 


B 



Thyristor & SCR Control 



B 

B 




B 

B 

fl 

B 

B 

B 






















Freq. Doubler, Mult., Divide, 

Sq. Root, Squarer 



1 

1 




1 

1 

1 

1 

1 

1 


1 

1 

1 

1 

1 

1 






1 


1 

1 

1 





Display Decoder-Driver 

■ 


B 

■ 




B 

■ 

fl 

fl 

B 

B 


■ 

■ 

■ 

■ 

■ 

■ 






_ 









Timer 

■ 














B 

B 

B 


J 
















1 

u. 


■ 


□ 

□ 




□ 

□ 

□ 

□ 

□ 

□ 

8 

□ 

□ 

□ 

□ 

□ 

□ 


□ 

D 


O 

D 


D 

D 

□ 


D 






□ 

□ 




□ 


□ 

□ 

□ 

□ 

a 

□ 

□ 

□ 

□ 

D 

□ 


□ 

D 

D 

□ 


















B 


fl 

fl 

fl 

B 
















B 

B 





Regulated Power Supply 



□ 

□ 









□ 















a 

- 

■ 

5 

• 

■ 


Class B Output 

n 


□ 

□ 









fl 

B 

fl 

B 















:j 




AGC Capability 

ID 







□ 


■ 

■ 

■ 

a 

fl 

fl 

□ 

■ 












B 

IB 

D 

□ 


■ 


r 









fl 



B 

B 

a 



□ 

D 

□ 


□ 

ID 

B 











Wide Band 

o 

□ 

□ 

B 

IB 


□ 

□ 


□ 

■ 

■ 

• 


a 

a 

□ 

□ 


□ 


□ 

a 

D 

□ 

D 


D 

D 

ID 


D 

D 



■ 

fl 

B 

B 

ID 


B 

B 


fl 

B 

B 

B 

B 

fl 

B 

B 

B 

B 

B 


B 

B 

B 

B 

B 

B 

B 

B 






Decimal Pt. Output 

n 






B 

B 


fl 

B 


B 

fl 

fl 

B 

B 

fl 

B 

B 


fl 

B 

B 

B 

B 

B 








Ripple Blanking 

r 






B 

B 


B 

fl 


B 

B 

B 

B 

B 

B 

B 

B 


B 

B 

fl 

B 

B 

B 








1 




r 
























B 

B 

B 







B 


■ 

B 

B 

1 






B 

B 

fl 




n 


n 

■ 





L 

B 

fl 

B 







□ 


IB 

11 

B 

fl 




B 

B 

B 










□ 

B 

□ 

m 

B 





af 


m 

B 

m 

m 

TO-5 



□ 

□ 

ID 

□ 

a 

□ 

□ 

□ 

□ 

□ 

ID 

a 

□ 

O 

□ 

□ 



■ 



□ 

□ 

D 

D 

D 


■ 






E 


H 



B 

ID 

B 

a 

m 

fl 

□ 

IB 


ID 

m 


H 



B 

m 

o 


ra 



n 

n 

m 






B 

B 

B 

fl 

IB 

B 

IB 

B 

B 

B 








L 




L 














IB 

B 

B 

fl 

IB 

B 

IB 

B 

B 

fl 







F 




F 








F 







IB 

. 

B 

fl 

IB 

B 

IB 

B 

B 

B 

B 

B 

IB 

B 

IB 

m 



a 






Hi 





a 

a 

H 




NOTE 1: The indicated suffix tetter identifies the package type for the device type number having a suffix letter; a black square is shown for a type 
number with no suffix letter. 

* CA3001 is also useful as a Broadband (Video) Amplifier. 

^ CA3040 is also useful as a Differential Amplifier. 

* In quad-in-line package (QUIP) 
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Table XXVII—Power-Control and Voltage-Regulator Circuits, Analog 
Multiplier, and Computer Interface Circuits 
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Table XXVIII—Consumer Circuits 






Audio 

Circuits 


Multiplex 

Decoders 

AM 

Rcvr. 

FM Receiver 
Drcuits 












CIcts. 











Pre-Amp. 

Drivers 

Power 

Amplifiers 






FM IF 
Subsystems 

Gain I 
Blocks 1 



CA3036 

CA3052 

C A3094 

CA3094A, B 

CASIO 

CA3131, CA3132 

00 

15 

< 

u 

CA1310 

CA3090A 

00 

1 

< 

o 

CA3123 

< 

S 

on 

§ 

3 

C A3075 

CA3043 

CA3013. CA3014 

§ 

< 

O 

CA3012 

(0 

tv 

8 

< 

u 


^il^^ 

387 

1 

0 

F) 

V 

CL 

s 

CL 

o 

(O 

s 

i 

I 

CO 

CD 

(O 

s 


fO 

n 


1 

0 

o 

<*) 


Audio Driver 



■ 

■ 













■ 




Audio Preamplifier 

■ 

■ ' 

■ 

■ 






■ 



D 

□ 

□ 

□ 

■ 




ACC 













■ 








AFC/AFT 











■ 


□ 


■ 

■ 

■ 

■ 



AFPC 













■ 


■ 

■ 

■ 




AGC 



■ 

■ 




"O 

8 

0) 


■ 



D 


■ 

■ 

■ 




Chroma Amplifier 



















•1 

Chroma Demodulator 








O 












u 

c 

3 

Chroma Signal 
Processor 




■ 




X 

0) 

a 


■ 

1 

1 

1 

1 

1 

1 

1 

1 

1 

,r 

Converter 










D 

□ 








□ 

3 

U 

Detector 










■ 


□ 

□ 

□ 

a 

□ 



□ 

O 

Video Amplifier 








8 




■ 

■ 


■ 

■ 

□ 

□ 

□ 


Sync Processor 











■ 

■ 

■ 


■ 

■ 

■ 


□ 


IF Amplifier 








CO 


D 

□ 

□ 

□ 

□ 

a 

□ 

□ 

□ 



Limiter 












□ 

□ 

□ 

0 

a 

□ 

□ 

□: 


Oscillator 


_ 









□ 

■ 

■ 


■ 

■ 





Audio Power Amplifier 





■ 

■ 









□ 

c 





Tint Control 











- 












(TYPE 

DESIGNATION SUFFIX LETTER (See Note 1) | 

f 

Dual-In-Line Plastic 


■ 




Hoi 

11 

lO 

I'H 

o 

B 

o 

o 



zr 

r 

□ 

t 

Quad-In-Line Plastic 





2232} 




Q 



Q 


• 


■ 

■ 

■ 

□ 

& 

TO-5 Standard Lead 

a 


T 

T 










■ 

□□□□□ 


TO-5 Formed Lead 


_ 



::: 

_ 


_ 






■ 

■ 

■ 

■ 

■ 



Note 1: Where a code letter is shown {E, EM, Q, T, VI), add the code letter as a suffix to the type 
number to identify the package (and lead configuration) option. A black square indicates 
no suffix code is added.to the type number for that package option. 
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Table XXVIII—Consumer Circuits (cont’d) 



TV Receiver Circuits | 

B 

Automatic 

Fine- 

Tuning! A FT) 

IF Systems 

Chroma Systems 

5 3 
r* (3 

1 Sound 

D 

2 Package 

3 Package 



C A 3035 

C A 3044 

C A 3064 

CA3134 

CA3041 

CA3042 

U) 

< 

u 

< 

< 

o 

CA3066 

CM 

< 

o 

1 

< 

U 

CA3067 

CA3070 

ry 

n 

< 

O 

< 

O 

CA3126 

CA1398 

CA3125 

CA3128 

CA3070 

C A 3071 

C A 3072 

CA3120 




O 

* 

o 

(L 

■ 

o> 

n 

5 

(0 

5 

i 



I 

i 

(O 

i 

i 

i 

$ 

to 

O 

CL 

1 

9 

Circuit Functions 

Audio Driver 





D 

a 

a 

■ 


m 

■ 

■ 


■ 


■ 

■ 

■ 






Audio Preamplifier 

■ 




D 

□ 

a 

□ 


■ 

■ 

■ 


■ 


■ 

■ 

■ 






ACC 






u 





• 


n 

a 


□ 

□ 

I 

D 

□ 

u 



AFC/AFT 


■ 

■ 







■ 

■ 


■ 

■ 


■ 

■ 


■ 

B 

■ 



AFPC 













a 

■ 


□ 


■ 

n 

a 




AGC 









□ 

□ 








■ 


B 



■ 

ESBEEBSBQH 




— 






■ 

a 

■ 


□ 

■ 

a 

□ 

■ 

D 

B 

D 









■ 

■ 




■ 

□ 


a 

□ 

■ 


■ 




■ 



■■lllllill 

mi- 

mmiH 








■ 


n 

n 


a 

a 



n 

n 



















■ 

■ 


■ 

■ 




Converter 
























Detector 


■ 


m 

D 

□ 

□ 

Dl 

□ 




O 

■ 

■ 





■ 




Video Amplifier 






■ 

■ 

■1 

□ 

■ 

■ 

■ 


■ 

■ 

■ 


■ 

- 

B 

a 


■ 

Sync Processor 








I 








■ 

■ 

■ 





■ 

IF Amplifier 


■ 

■ 

m 

D 

□ 

□ 

Dl 

□ 

□ 

■ 

■ 



■ 









Limiter 


■ 


B 

D 

□I 

□ 

□1 







■ 









Oscillator 








■ 

■ 


□ 

■ 

□ 


□ 

□ 

□ 

■ 

D 

a 








L_! 


r 



n 


:: 




■ 

m 

■ 

■ 






Tint Control 1 









n 


■ 

H 

H 



■ 

D 

■ 


■ 




It 

1 

(TYPE DESIGNATION SUFFIX LETTER (See Note 1 ) | 




E 

E 




11 

■ 

B 

■ 

■ 

D 

B 

■ 


B 

0 


0 

a 

■ 

E 






E3 

□ 

D 

E! 

D 

■ 

□ 

D 

■ 

■ 

D 


■ 

■ 

0 

■ 

■ 



KCTSPfflffWRWPfHip 1 

■ 

■ 



■ 

■ 

■ 

■ 

■ 


■ 

■ 


■ 

■ 

■ 









VI 

Dl 

■ 


- 

_ 

_ 

_ 

- 

- 

_ 

_ 


. 

. 

_ 

_ 

: 



- 




Note 1 Where a code letter is shown (E, EM. Q. T. VI). add the code letter as a suffix to the type 
number to identify the package (and lead configuration) option. A black square irtdicates 
no suffix code is added to the type number for that package option. 
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COS/MOS Integrated Circuits 
for Digital Applications 


A COS/MOS digital integrated 
circuit is a monolithic circuit 
that uses both n-channel and p- 
channel COmplementary-Symmetry 
MOS transistors. The use of these 
complementary transistors on a sin¬ 
gle monolithic chip provides a cir¬ 
cuit flexibility that makes COS/MOS 
a versatile building block for a wide 
range of applications. 

COS/MOS DESIGN 
AND LAYOUT 

COS/MOS integrated circuits are 
normally fabricated on an n-type 
substrate which serves as the sub¬ 
strate material for all p-channel 
MOS devices as well as for p^ tun¬ 
nels, diodes, and resistors. A p-type 
substrate is provided for the com¬ 
plementary n-channel MOS devices, 
n"^ tunnels, diodes, and resistors by 
diffusion of a lightly doped p-well 
region into the original n-type sub¬ 
strate. The n-channel units exhibit 
the higher carrier mobility asso¬ 
ciated with electrons; they have 
approximately twice the transcon¬ 
ductance of p-channel units with 
identical geometry. Therefore, the 
matching of a p-channel with an 
n-channel unit requires that a p- 
channel unit with a given channel 
length L have approximately twice 
the channel width W of the n- 
channel unit v^ith which it is to be 
matched. 


Guard Bands 

Protective guard bands surround 
separate MOS devices, tunnels, wells, 
and diodes or combinations of MOS 
devices which are interconnected 
through common diffused regions for 
the purpose of preventing leakage 
between the entities named. All 
p-channel devices, tunnels, and 
diodes must be surrounded by a 
continuous n^ guard band which also 
serves as a tunnel to help conduct 
current from the external supply 
voltage Vdd across the n-type sub¬ 
strate to every p-channel device tied 
to the external supply. Similar 
heavily doped p^ guard bands sur¬ 
round all n-channel devices, tunnels, 
and diodes to help conduct current 
from the external ground supply 
Vss across the p-well to every n- 
channel device tied to ground. Con¬ 
tact to the n-type substrate may be 
made through the n^ guard band 
and returned to the Vdd pad; contact 
to the p-well substrate pad may be 
made through the p^ guard band and 
returned to the ground pad. Fig. 245 
illustrates a typical p- and n-channel 
MOS complementary pair with ap¬ 
propriate connections to Vdd and 
Vss, respectively. Fig. 246 is a cross 
section of the complementary pair of 
Fig. 245 showing the use of n^ and 
p^ guard bands for interconnecting 
the source regions to the Vdd and 
Vss pads, respectively. Guard bands 
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PLAN AND CROSS—SECTION VIEWS OF A 
TYPICAL MOS COMPLEMENTARY —TRANSISTOR PAIR 


METAL INTERCONNECTS 




SECTION "A"-"A'‘ 92CS-26044 


Fig. 245—Plan and cross-sectional views of a typical MOS complementary-transistor pair. 


METAL 
TO 6N0- 
PAD 


n CHANNEL MOS 

SOURCE TOGNO 
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SOURCE 70 Vqd 
CONTACT a METAL 
GATE 
METAL 


r^SocT, 




L 


p WELL 


_I >+ n+ 

n SUBSTRATE 



92CS-26045 

Fig. 246—A cross section of the complementary pair of Fig. 245 showing the use of 

guard bands. 


may be narrow strips, or, where 
space permits, large diffused areas 
that minimize resistance in the Vdd 
and Vss supply lines. Guard bands 
are also used to assure positive de¬ 
vice cutoff; this cutoff is accom¬ 
plished by having the gate metal, 
as it leaves the end of the channel, 
cross a guard band prior to stepping 
up over the thick oxide as shown in 
Fig. 246. 


Typical Inverter and 
Logic Gate Layout 

A typical layout for the basic 
COS/MOS inverter circuit is shown 
in Fig. 247; the schematic diagram 
for this basic circuit is shown in 
Fig. 248. The figure shows the 
single n-channel MOS transistor and 
its complementary p-channel coun- 
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GATE (INPUT) 



Fig. 247—Typical layout for the basic 
COS/MOS inverter circuit. 



92CS-26047 


Fig. 248—Schematic diagram for the basic 
COS/MOS inverter circuit. 

terpart with the gates and drains 
tied to each other and with metal 
interconnects between source and 
Vss and source and Vdd, respectively. 

The basic inverter may be ex¬ 
tended, as described in the section 
on Basic Building Blocks, to true 
complementary logic. The logical 
NOR gate is formed by placing the 
n-channel units in parallel and the 
p-channel units in series. Fig. 249 
shows a typical layout and Fig. 250 
shows the schematic diagram for 
a 2-input NOR gate. The source- 


DRAIN (OUTPUT) 



Fig. 249—Typical layout for a 2-input 
NOR gate. 



92CS-26049 

Fig. 250—Schematic diagram for a 2-input 
NOR gate. 

to-Vi)i> and source-to-Vss connec¬ 
tions are made to the n^ and p^ 
guard bands because these guard 
bands are tied directly to Vdd and 
ground, respectively. Variations of 
this layout are used in the CD4000A 
dual 3-input gate and CD4001A quad 
2-input gate. If the above arrange¬ 
ment is reversed, i.e., if the p- 
channel units are placed in parallel 
and the n-channel units in series, 
NAND gates result, as in the 
CD4011A quad 2 and CD4012A dual 
4-input NAND gate circuits. 
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Packages 

RCA COS/MOS integrated cir¬ 
cuits are currently packaged in 
three distinct configurations: the 
TO-5-style glass-metal package, the 
ceramic flat pack, and the dual-in¬ 
line package. The dual-in-line pack¬ 
age may be either ceramic or plastic. 
The TO-5-style package has 12 leads; 
the flat pack and the dual-in-line 
packages have 14, 16, or 24 leads. 
The various integrated-circuit pack¬ 
ages are shown in the section Guide 
to RCA Solid-State Devices. 

The letters D, E, F, K, and T 
appended to a device identification 
identify the type of package in 
which the device is enclosed. 

COS/MOS integrated circuits are 
also provided in chip form. Suffix 
letter H designates the unpackaged 
circuit chip. 


Desig¬ 


Standard 

Pins 

nation 

Meaning 

Available 

E 

Dual-in- 

14, 16 

D 

Line 

Plastic 

Dual-In- 

14, 16, 24, 


Line 

28 

K 

Weld- 
Seal 
Ceramic 
Flat Pack 

14, 16, 24, 

T 

TO-5-Style 

28 

12 

H 

Package 

Chip 

_ 


For example, a CD4006AK is a 
CD4006A circuit in a ceramic flat 
pack, a CD4006AD is a CD4006A 
circuit in a dual in-line ceramic 
package, and the CD4006AE is the 
CD4006A circuit in a dual in-line 
plastic package. 

BASIC BUILDING BLOCKS 

This section describes several cir¬ 
cuits (building-block units) that 
form the basis for the more complex 
circuits discussed later in the Man¬ 


ual. Because COS/MOS IC^s are 
particularly well suited for digital 
applications, the basic circuits are 
described from that point of view. 

Inverter 


The most basic of all the COS/ 
MOS circuits, the inverter circuit, 
consists of one p-channel and one 
n-channel enhancement-type MOS 
transistor, as shown in Fig. 251. 


Vdd 



92CS-26050 


Fig. 251 — COS/MOS inverter circuit. 


The substrate of the p-channel de¬ 
vice is at 4-Vdd, and the substrate 
of the n-channel device is at ground. 
Consequently, when the voltage at 
the input of the inverter is zero 
(logic 0), the input is at — Vdd rela¬ 
tive to the substrate of the p-channel 
device and at zero volts relative to 
the substrate of the n-channel de¬ 
vice. The result is that the p-channel 
device is turned on and the n-channel 
device is turned off. Under these 
conditions, there is a low-impedance 
path from the output to Vdd, and 
a very-high-impedance path from 
the output to ground; therefore, the 
output voltage approaches Vdd 
(logic 1) under normal loading con¬ 
ditions. When the input voltage is 
-|-Vdd (logic 1), the situation is 
reversed: the p-channel unit is OFF 
and the n-channel unit is ON, with 
the result that the output voltage 
approaches zero (logic 0). Fig. 252 
shows the logic diagrams for a 
COS/MOS inverter. 
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Fig, 252—Logic diagrams for a COS/MOS 
inverter. 

In either logic state, one MOS 
transistor is ON while the other is 
OFF. Because one transistor is al¬ 
ways turned off, the quiescent power 
consumption of the COS/MOS unit 
is extremely low; more precisely, it 
is equal to the product of the sup¬ 
ply voltage and the leakage current 
(i.e., Pd = VddIl). 

The process of creating the source- 
drain and p-well diffusions for the 
inverter circuit, as shown in Fig. 
253(a), also creates parasitic diodes 




Fig. 253 — (a) Cross section of inverter- 
circuit chip showing parasitic diodes; (b) 
circuit diagram showing connection of the 
diodes to basic inverter nodes. 


which are connected to the basic 
inverter nodes, as shown in Fig. 
253(b). These parasitic elements 
(Di, D2, and D3) are back-biased 
across the power supply and con¬ 
tribute in part to the device leakage 
current and thus to the quiescent 
dissipation. Additional diodes are 
also diffused into the over-all struc¬ 
ture, as shown in Fig. 253(b), to 
form an input limiter circuit that 
provides protection against static 
voltages. Any gate input node that 
is brought out to a package termi¬ 
nal is protected by this network. The 
operation of the input protection cir¬ 
cuit is described in the next section. 

RCA COS/MOS products range 
from circuits as simple as 2-input 
logic gates through the complexity 
of a 200-stage shift register. These 
devices are composed of varying 
numbers of interconnected inverter 
circuits placed on silicon chips of 
varying area. Therefore, the leak¬ 
age current ranges widely because 
it depends on the number of inter¬ 
connected circuits and the parasitic 
diode area associated with each cir¬ 
cuit. For example, the dissipation of 
a logic gate (the CD4001) is typi¬ 
cally 0.01 microwatt at 10 volts, 
while the dissipation of the 64-stage 
shift register (CD4031) is typically 
10 microwatts at 10 volts, even 
though these device types are 
processed similarlj'. 

Device Switching Characteristics 
—Because of the complementary na¬ 
ture of the interconnections of the 
series p- and n-type devices in the 
basic inverter, the transfer charac¬ 
teristic of a COS/MOS logic gate is 
as shown in Fig. 254. The high input 
impedance of the gate results in no 
dc loading on the output so that the 
input and output signals are allowed 
to swing completely from zero volts 
(logic 0) to Vdd (logic 1) when suf¬ 
ficient time settling is allowed. The 
switching point is shown to be typi¬ 
cally 45 to 50 per cent of the magni¬ 
tude of the power-supply voltage, 
and varies directly with that volta^ 
over the entire range of supply volt- 
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Fig. 254—Transfer characteristic of a 
COS/MOS logic gate. 

age specified for COS/MOS devices. 
The COS/MOS transfer character¬ 
istic of Fig. 254 illustrates the high 
noise immunity of COS/MOS de¬ 
vices; i.e., typically 45 per cent of 
the supply voltage. Fig. 254 also 
shows the negligible change in oper¬ 
ating point as temperature ranges 
from —55‘’C to -f-125®C. Because of 
the ideal nature of these switching 
characteristics, COS/MOS devices 
operate reliably over a much wider 
range of voltage than other forms 
of logic circuits. 

AC Dissipation Characteristics— 
All significant COS/MOS power 
dissipation is ac in nature and is a 
direct function of load capacitance 
C, operating supply voltage V, and 
switching rate f. 

During the transition from a 
logical 0 to a logical 1, both tran¬ 
sistors in the COS/MOS inverter 
are momentarily ON with the result 
that, instantaneously, a pulse of 
current is drawn from the power 
supply. The magnitude of this cur¬ 
rent depends on the impedance and 
threshold voltage of the inverter 
transistors, as well as the magnitude 
of the power-supply voltage and the 
length of time spent in transition 
(e.g., the input rise or fall time). 
Current is also required to charge 
and discharge the output load capa¬ 
citance. The dissipation that results 


from the current components de¬ 
scribed above is directly propor¬ 
tional to the frequency of operation 
and amount of capacitive loading 
and may be expressed as follows:' 

Pae = CV"f 

The more often the circuit 
switches, the greater the current; 
the heavier the capacitive loading, 
the greater the resultant dissipa¬ 
tion. 


AC Performance Characteristics— 
As indicated above, the node capaci¬ 
tances located within or external to 
a given circuit are charged and dis¬ 
charged during switching through 
the channel resistance of the p- or 
n-type device. As the magnitude of 
Vi)i) increases, the impedance of the 
conducting channel decreases; there¬ 
fore, the maximum switching speed 
of COS/MOS devices increases with 
increasing supply voltage, as shown 
in Fig. 255. The effect of increas¬ 
ing external load capacitance is 
shown in Fig. 256. 


CD4001A 



Fig. 255—Curve illustrating increase in 
maximum switching speed with increase in 
supply voltage. 


Transmission Gates 


The COS/MOS transmission gate 
is a single-pole single-throw switch 
formed by the parallel connection of 
a p-type and an n-type device. This 
switch expands the versatility of 
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Fig. 256—Curve showing effect on switch¬ 
ing speed of increasing external load 
capacitance. 

COS/MOS circuits in both digital 
and linear applications. 

The perfect transmission gate or 
switch may be characterized as 
having zero forward and reverse 
resistance when closed and infinite 
resistance when open; i.e., it has an 
infinite OFF/ON impedance ratio. 
The COS/MOS transmission gate 
approaches these ideal conditions. 

The advantages of a COS/MOS 
transmission gate can be better 
understood by consideration first of 
the single n-channel MOS-transistor 
transmission gate driving a capaci¬ 
tive load from a positive voltage 
source, as shown in Fig. 257. With 
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Fig. 257—Single n-channel MOS-transistor 
transmission gate. 

0 volts applied to the gate of the 
n-channel device, no current can 
flow, and the load capacitance Cl 
remains uncharged. As the gate volt¬ 


age to the transmission gate is made 
positive enough to turn the trans¬ 
mission gate on, however, the load 
capacitance begins to charge. How¬ 
ever, the load capacitance can only 
charge to a level equal to the gate 
voltage minus the threshold voltage 
of the n-channel transistor because 
the single n-channel transmission 
gate operates as a source-follower 
circuit in which premature gate cut¬ 
off occurs. Another aspect of MOS 
transmission gates is that they are 
bilateral; i.e., drain and source are 
interchangeable. This type of trans¬ 
mission gate also operates with slow 
speed in large-signal applications; 
i.e., as the device begins to turn on, 
the RC time constant is large. A 
COS/MOS transmission gate which 
overcomes these disadvantages is 
made by paralleling n- and p-channel 
MOS transistors as shown in Fig. 
258. This arrangement overcomes 

CL 
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Fig. 258 — COS/MOS transmission gate, 

the premature-cutoff problem asso-f 
dated with the single-channel trans¬ 
mission gate because one of the two 
channels is always being operated 
as a drain-loaded stage regardless 
of what the input or output voltage 
may be. If each MOS channel of 
the COS/MOS circuit has a 2-volt 
threshold voltage and if 0 volts is 
applied to the gate of the p-channel 
unit and 10 volts to the gate of the 
n-channel unit, an increase in in¬ 
put voltage in excess of 8 volts (10 
volts — 2 volts) cannot be switched 
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through the n-channel unit. How- 
ever, proper switching can occur in 
the p-channel unit because the mag¬ 
nitude of the voltage from gate to 
source (0 volts — 8 volts = —8 
volts) is greater than the p-channel 
threshold (—2 volts). As a result, 
the switch does not turn off pre¬ 
maturely because the gate-to-source 
voltages of both the n- and p-channel 
units never equal the threshold 
voltages of these devices. The full 
10 -volt supply voltage (Vdd - Vss 
= 10 volts) can, therefore, be 

switched. The COS/MOS transmis¬ 
sion gate is also considerably faster 
than the single-channel MOS trans¬ 
mission gate; the RC time constant 
is always smaller. 


Transmission Gate and 
Inverter Applications 

At present, all COS/MOS inte¬ 
grated circuits are constructed of 
two basic building blocks, the in¬ 
verter and the transmission gate. 
The basic inverter forms all the 
NOR and NAND gates. Combined 
with transmission gates, the inver¬ 
ter forms more complicated circuits, 
such as flip-flops, counters, shift 
registers, arithmetic blocks, and 
memories. 

NOR Gate—A two-input NOR 
gate is an inverter with two n-type 
units in parallel and two p-type 
units in series, as shown in Fig. 


Vdd 



Fig. 259—Schematic diagram for a pair of two-input NOR gates. 


POSITIVE-LOGIC 
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Fig. 260—Logic diagram for the pair of 
two-input NOR gates shown in Fig. 259. 


259. Fig. 260 shows the logic dia¬ 
gram for a two-input NOR gate. 
Each of the two inputs is con¬ 
nected to the gate of one n- and one 
p-channel transistor. A negative 
output is obtained when either the 
A or the B input is positive because 
the positive input turns off the as¬ 
sociated p-channel transistor, dis¬ 
connecting the output from the Vdd 
supply, and turns on the associated 
n-channel transistor, connecting it 
to ground and causing a low output. 
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When both of the input signals are 
at ground potential, both p-channel 
units are on and both n-channel 
units off. In this case the output is 
coupled to the Vdd terminal and 
provides a high output. Three- and 
four-input NOR gates may be 
formed by placing three or four 
n-channel transistors in parallel and 
three or four p-channel transistors 
in series in an arrangement similar 
to that shown in Fig. 259. 

NAND Gate—A NAND gate is 
an inverter with two p-channel tran¬ 
sistors in parallel, and two n-channel 
transistors in series, as shown in 
Fig. 261. The logic diagram for a 
two-input NAND gate is shown in 
Fig. 262. The output goes negative 
only if both inputs are positive, in 
which case the p-channel transistors 
are turned off and the n-channel 


transistors on. This condition couples 
the output to ground. If either input 
is negative, the associated n-channel 
transistor is turned off, and the as¬ 
sociated p-channel transistor on; 
thus the output is coupled to Vdd 
and goes high. Again, three- or four- 
input NAND gates may be formed 
by placing three or four p- and n- 
channel transistors in parallel and 
in series, respectively, in an arrange¬ 
ment similar to that shown in Fig. 
261. 

Set-Reset Flip-Flop—Two NOR 
gates may be connected as shown 
in Fig. 263 to form a set-reset flip- 
flop. Fig. 264 shows the logic dia¬ 
gram and truth table for this cir¬ 
cuit. When the set and reset inputs 
are low, one amplifier output is low, 
and the other high, and there is a 
stable condition. If the set input is 


Vdd 



POSITIVE-LOGIC 
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"I" - Vdd b 
“0" * 0 V 

A 
B 
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Fig. 262—Logic diagrams for NAND gates 
shown in Fig. 261. 


raised to a higher level, the asso¬ 
ciated n-channel unit is turned on 
so that the output of the set stage 
goes high and becomes logic 1 or Q. 
Under these conditions the flip-flop 
is said to be in the set state. Rais¬ 
ing the reset input level causes the 
other output to go high, and places 
the flip-flop in the reset state (Q 
represents the low output state). 
Thus, the circuit of Fig. 263 rep¬ 
resents a static flip-flop with set 
and reset capability. 
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ALL p-UNIT SUBSTRATES CONNECTED TO Vnn: 
ALL n-UNIT SUBSTRATES TO Vss- 


Fig. 263—Schematic diagram of a set-reset 
flip-flop. 

NOR-SET/RESET = 8 DEVICES 



TRUTH TABLE 

SET RESET ^ ^ 

1 0 10 

0 10 1 

1 10 0 

0 0 Q Q NO CHANGE 
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Fig. 264—Logic diagram and truth table 
for set-reset flip-flop shown in Fig. 263. 

D Flip-Flop—A block diagram of 
a D-type flip-flop is shown in Fig. 
265; the schematic diagram for 
the flip-flop is shown in Fig. 266(a). 
The block diagram shows a master 
flip-flop formed from two inverters 
and two transmission gates (shown 
as switches) that feeds a slave flip- 



MASTER SLAVE 


Fig. 265—Block diagram for a D-type 
flip-flop. 


flop having a similar configuration. 
When the input signal is at a low 
level, the TGi transmission gates are 
closed and the TG 2 gates open. This 
configuration allows the master flip- 
flop to sample incoming data, and 
the slave to hold the data from the 
previous input and feed it to the 
output. When the clock is high, 
the TGi transmission gates open and 
the TG 2 transmission gates close, so 
that the master holds the data en¬ 
tered and feeds it to the slave. The 
D flip-flop is static and holds its 
state indefinitely if no clock pulses 
are applied, i.e., it stores the state 
of the input prior to the last clocked 
input pulse. A clock pulse is the 
pulse applied to the logical elements 
of a sequential digital system to 
initiate logical operations. Both the 
^ock^^ CL, and “inverted clock’^ 
CL, as shown in Fig. 266(b), are 
required; clock inversion is accom¬ 
plished by an inverter internal to 
each D flip-flop. 



ALL p-UNIT SUBSTRATES CONNECTED TO V^d 1 
ALL n-UNIT SUBSTRATES TO Vgs- 



(b) 


Fig. 266 — (a) Schematic diagram and (b) 
clock-pulse waveforms for a D-type 
flip-flop. 

Fig. 267 shows the logic diagram 
and truth table for a D-type flip-flop. 
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Fig. 267—Logic diagram and truth table for a D~type flip-flop. 
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Fig. 268—Logic diagram and truth table for a J-K flip-flop. 
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J-K Flip-Flop—The logic diagram 
and truth table for a J-K flip-flop 
are shown in Fig. 268. The J-K flip- 
flop is similar in some respects to 
the D flip-flop, but has some addi¬ 
tional circuitry to accommodate the 
J and K inputs. The J and K inputs 
provide separate clocked set and re¬ 
set inputs, and allow the flip-flop to 
change state on successive clock 
pulses. 

The J-K flip-flop circuit also has 
set and reset capability; the invert¬ 
ers in the master and slave flip-flop 
each have an added OR input for 
direct (unclocked) setting and re¬ 
setting of the flip-flop. 

Memory Cell—The basic storage 
element common to all RCA COS/ 
MOS memories consists of two COS/ 
MOS inverters cross-coupled to 
form a flip-flop as shown in Fig. 
269. Single-transistor transmission 

Vdd 



Fig. 269—The basic storage element com¬ 
mon to all RCA COS/MOS memories. 


gates are employed as a simple and 
efficient means of performing the 
logic functions associated with stor¬ 
age-cell selection; i.e., the sensing 
and storing operations. The result¬ 
ing word-organized storage cell, 
shown in Fig. 270, is composed of 


+ Vdd 



Fig. 270—A word-organized storage cell: 
W is word line, Dj and Dg are data lines. 


six transistors; one word line, W; 
and two digit-sense lines, Di and D 2 . 
Addressing is accomplished by en¬ 
ergizing a word line; this action 
turns on the transmission gates on 
both sides of the selected flip-flop. 
Because the cell in Fig. 270 has 
p-channel transmission gates, a 
ground-level voltage is required for 
selection. 

Fig. 271 shows an 8-transistor 
bit-organized memory cell employ¬ 
ing X-Y selection. A modification of 


VdD 



Fig. 271 — Eight-transistor bit-organized 
memory cell with X-Y selection. 

this circuit in which the Y-select 
transistors are common for each 
column of storage elements in used 
in large memory arrays. 

Dynamic Shift Register—Fig. 
272 shows a two-stage shift reg¬ 
ister; each stage consists of two 
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ALL p-UNIT SUBSTRATES CONNECTED TO V^d; 
ALL n-UNIT SUBSTRATES TO Vss- 


TG = TRANSMISSION GATE : 

INPUT TO OUTPUT IS A BIDIRECTIONAL SHORT 
CIRCUIT WHEN CONTROL INPUT I IS LOW AND 
CONTROL INPUT 2 IS HIGH; AN OPEN CIRCUIT 
WHEN CONTROL INPUT I IS HIGH AND CONTROL 
INPUT 2 IS LOW. |„ , , 
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Fig. 272—Schematic diagram for a two-stage shift register. 


inverters and two transmission 
gates. Each transmission gate is 
driven by two out-of-phase clock 
signals arranged, as shown in Fig. 
273, so that when alternate trans- 

ekJ LJ L_J ^_ 

CL_ _ _ _ 
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Fig. 273 — Clock-pulse waveforms for two- 
stage shift register shown in Fig. 272. 

mission gates are turned on, the 
others are turned off. When the 
first transmission gate in each stage 
is turned on, it couples the signal 
from the previous stage to the in¬ 
verter, and causes the signal to be 
stored on the input capacitance of 
the inverter. The shift register util¬ 
izes the input of the inverter for 
temporary storage. 

When the transmission gate is 
turned off on the next half cycle of 
the clock, the signal is stored on this 
input capacitance, and the signal 
remains at the output of the inver¬ 
ter where it is available to the next 
transmission gate, which is now 


turned on. Again, this signal is 
applied to the input of the next 
inverter where it is stored on the 
input capacitance of the inverter, 
making the signal available at the 
output of the stage. Thus a signal 
progresses to the right by one half 
stage on each half cycle of the clock, 
or by one stage per clock cycle. 

Because the shift register is de¬ 
pendent upon stored charge which 
is subject to slow decay, there is a 
minimum frequency at which it will 
operate; reliable operation can be 
expected at frequencies as low as 
5 kHz. 

COS/MOS dynamic shift regis¬ 
ters have all the advantages of other 
COS/MOS devices, including low 
power dissipation, high noise im¬ 
munity, and wide operating voltage 
range. In addition, COS/MOS de¬ 
vices are superior in two important 
ways to the single^channel (p-MOS 
and n-MOS) dynamic shift regis¬ 
ters. First, the COS/MOS device 
easily generates the two-phase clock 
signals required internal to itself 
with just one supply voltage. Sec¬ 
ond, TTL and DTL logic compati¬ 
bility is maintained on all inputs 
and outputs with one supply voltr 
age. 
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PROTECTION CIRCUIT 

The standard input protection de¬ 
vice used in RCA COS/MOS inte¬ 
grated circuits is shown in Fig. 274. 
Protection is required to prevent 
damage to the MOS input gates that 
could result from careless handling 
and/or testing prior to final instal¬ 
lation. Fig. 274 illustrates the posi- 



Fig. 274 — COS/MOS 1C protection circuit 
showing diode clamps. 


tive, built-in protection afforded by 
the diode clamps in a COS/MOS 
circuit; this approach is in contrast 
to the widely varying zener-diode 
breakdown protection used in bi¬ 
polar circuits. 

The breakdown voltage of an 
MOS gate oxide is in the order of 
100 volts; the dc resistance is in 
the order of 10^^ ohms. In contrast 
to semiconductor diodes in which the 
breakdown limit can be tested any 
number of times without damaging 
the device, the MOS gate oxide is 
shorted as a result of only one volt¬ 
age excursion to the breakdown 
limit. Because of the extremely high 
resistance of the gate oxide, even a 
very-low-energy source (such as a 
static charge) is capable of develop¬ 
ing this breakdown voltage. 

The input resistance R, as shown 
in Fig. 274, is nominally between 1 
and 3 kilohms. This value, in con¬ 
junction with the capacitances of the 
gate and the associated protective 
diodes, integrates and clamps the 


device voltages to a safe level. Input 
circuits can be designed to limit ex¬ 
traneous voltages to safe levels, un¬ 
der all operating conditions. Be¬ 
cause of the low RC time constants 
of these circuits, they have no 
noticeable effect on circuit speed 
and do not interfere with logic op¬ 
eration. 

In circuits that contain gate- 
protection circuits, the power-supply 
voltage Vdd should not be turned 
off while a signal from a low- 
impedance pulse generator is applied 
at any of the inputs to the COS/ 
MOS IC. Therefore, if, in any sys¬ 
tem design, any input excursion is 
expected to exceed -|-Vdd or fall be¬ 
low —Vss, the current through the 
input diodes should be limited to 10 
milliamperes to assure safe opera¬ 
tion. 

Fig. 275 shows the over-all pro¬ 
tection circuit (interconnected with 
a COS/MOS inverter) that is in¬ 
corporated into all RCA COS/MOS 
integrated circuits. In addition to 
the basic input protection discussed 
in the preceding paragraphs, all 
inverter outputs and all transmis¬ 
sion-gate inputs and outputs are 
fully protected by substrate diodes 
(D3, D4, and D5), as shown in Fig. 
275. 


CLASSIFICATION OF 
RCA COS/MOS 
INTEGRATED CIRCUITS 

The RCA CD4000A series of 
COS/MOS integrated circuits pro¬ 
vides the equipment designer with 
a very comprehensive line of cir¬ 
cuits for a wide variety of logic- 
system applications. This series of 
circuits includes arithmetic devices, 
counter/dividers, decoders, flip-flops, 
gates, hex-buffers, multiplexers, 
shift registers, and latches. These 
circuits feature low power require¬ 
ments, wide operating voltage range, 
high noise immunity, fully protected 
inputs, excellent temperature sta¬ 
bility, and high fanout capabilities. 
Table XXIX lists COS/MOS circuits 
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Fig. 275 — Gate-oxide protection circuit used in COS/MOS integrated circuits. 


Table XXIX—RCA CD4000A>Series COS/MOS Integrated Circuits 


Data Bulletin 

Gates File No. 

CD4000A Dual 3-Input NOR Gate Plus Inverter 479 

CD4001A Quad 2-Input NOR Gate 479 

CD4002A Dual 4-Input NOR Gate 479 

CD4011A Quad 2-Input NAND Gate 479 

CD4012A Dual 4-Input NAND Gate 479 

CD4019A Quad AND-OR Select Gate 479 

CD4023A Triple 3-Input NAND Gate 479 

CD4025A Triple 3-Input NOR Gate 479 

CD4030A Quad Exclusive-OR Gate 503 

CD4037A Triple AND-OR Bi-Phase Pairs 576 

CD4048A Expandable 8-Input Gate 636 

Flip-Flops 

CD4013A Dual D with Set/Reset Capability 479 

CD4027A Dual J-K with Set/Reset Capability 503 

CD4047A Monostable/Astable Multivibrator 623 

Latches 

CD4042A Quad Clocked D Latch 589 

CD4043A NOR R/S Latch (3 Output States) 590 

CD4044A NAND R/S Latch (3 Output States) 590 

Arithmetic Devices 

CD4008A Four-Bit Adder, Parallel Carry-Out 479 

CD4032A Triple Serial Adder, Internal Carry (Neg. Logic) 503 

CD4038A Triple Serial Adder, Internal Carry (Pos. Logic) 503 

CD4057A LSI 4-Bit Arithmetic Logic Unit 635 
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Table XXIX—RCA CD4000A-Series COS/MOS Integrated Circuits 

(cont’d) 


Buffers 

CD4009A Hex Inverting Type 479 

CD4010A Hex Non-Inverting Type 479 

CD4041A Quad Inverting and Non-Inverting Type 572 

CD4049A Hex Buffer/Converter (Inverting) 599 

CD4050A Hex Buffer/Converter (Non-Inverting) 599 

Complementary Pairs 

CD4007A Dual Complementary Pair Plus Inverter 479 

Multiplexers and Decoders 

CD4016A Quad Bilateral Switch 479 

CD4028A BCD-to-Decimal Decoder 503 

CD4066A Quad Bilateral Switch 769 

Counters 

CD4017A Decade Counter/Divider Plus 

10 Decoded Decimal Outputs 479 

CD4018A Presettable Divide-by-N Counter 479 

CD4020A 14-Stage Ripple Counter 479 

CD4022A Divide-by-8 Counter/Divider, 8 Decoded Outputs 479 

CD4024A 7-Stage Ripple Counter 503 

CD4026A Decade Counter/Divider, 7-Segment Display Output 503 

CD4029A Presettable Up/Down Counter, Binary 

or BCD-Decade 503 

CD4033A Decade Counter/Divider, 7-Segment Display Output 503 

CD4040A 12-Stage Binary/Ripple Counter 624 

CD4045A 21-Stage Ripple Counter 614 

Shift Registers 

CD4006A 18-Stage Static Shift Register 479 

CD4014A 8-Stage Synch Shift Register, Parallel-In/Serial-Out 479 

CD4015A Dual 4-Stage Shift Register, Serial-In/Parallel-Out 479 

CD4021A 8-Stage Asynchronous Shift Register, 

Parallel-In/Serial-Out 479 

CD4031A 64-Stage Static Shift Register 569 

CD4034A Parallel-In/Parallel-Out Shift Register 

(3 Output States) 575 

CD4035A 4-Bit P^rallel-In/Parallel-Out Shift Register, 

J-K In, True-Comp. Out 568 

Phase-Locked Loop 

CD4046A Micropower Phase-Locked Loop 637 

Memories 

CD4036A 4-Word by 8-Bit RAM (Binary Addressing) 613 

CD4039A 4-Word by 8-Bit RAM (Word Addressing) 613 

CD4061A 256-Word by 1-Bit Static RAM 768 

Drivers 

CD4054A 4-Line Liquid-Crystal-Display Driver 634 

CD4055A BCD to 7-Segment Decoder/Driver 634 

CD4056A BCD to 7-Segment Decoder/Driver 634 


currently included in the CD4000A 
series and indicates the logic func¬ 
tion for which each circuit is norm¬ 
ally used. Complete data on these 


circuits can be found in RCA Solid- 
State DATABOOK SSD-203, or in 
the data bulletins listed in Table 
XXIX. 
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RATINGS AND 
CHARACTERISTICS 

The RCA family of COS/MOS 
digital integrated circuits includes a 
standard line of devices (the 
CD4000A series) designed to operate 
from voltage supplies of 3 to 15 
volts. Each pellet in the series is 
supplied in both ceramic and plastic 
packages so that all devices included 
in the series are available in two 
different operating temperature 
ranges. Devices supplied in the ce¬ 
ramic flat-pack (CD4000AK-series), 
dual-in-line ceramic (CD4000AF- 
series), dual-in-line weld-seal ceramic 
(CD4000AD-series), and TO-5-style 
(CD4000AT-series) packages oper¬ 
ate over the temperature range of 
—55°C to -1-125°C. Devices sup¬ 
plied in the dual-in-line plastic 
(CD4000AE-series) packages oper¬ 
ate over a temperature range of 
—40°C to -f85°C. The storage-tem¬ 
perature range for all packages is 
from -65"C to -hl50°C. Table XXX 
lists the maximum ratings for the 
RCA CD4000A series of COS/MOS 
digital integrated circuits. 

The ratings shown in Table XXX 
are based on the Absolute Maximum 
System and are limiting values of 


operating and environmental condi¬ 
tions that should not be exceeded by 
any circuit of a specified type under 
any conditions of operation. Effec¬ 
tive use of these ratings requires 
close control of supply-voltage vari¬ 
ations, component variations, equip¬ 
ment-control adjustment, load vari¬ 
ations, and environmental conditions. 

COS/MOS devices have many 
performance characteristics that are 
not found in other integrated-circuit 
technologies. These unique charac¬ 
teristics, which are given in the 
COS/MOS data bulletins listed in 
Table XXIX, include the following: 

Quiescent power dissipation. The 
quiescent (dc) power dissipation of 
COS/MOS devices is extremely low; 
the static or standby power is norm¬ 
ally in the microwatt range. 

Output drive current. COS/MOS 
devices will normally drive inputs 
to other COS/MOS devices; these 
other devices appear as purely ca¬ 
pacitive loads. Therefore, except dur¬ 
ing switching, no output source or 
sink current flows. In some in¬ 
stances, however, COS/MOS devices 
are directly interfaced with other 
logic forms. Typical output sink and 
source currents are a few milli- 
amperes. 


Table XXX—Maximum Ratings (Absolute Maximum Values) 


CD4000AK,AD,AT,AF CD4000AE 


3 to 15 


Recommended Operating 
Voltage Range 
(Vdd-Vss) (Volts) 

DC Supply Voltage (Volts) 

Dissipation per package (milliwatts) 

Operating Temperature 
Range (°C) 

All Inputs* 

Storage Temperature 
Range (°C) 


_ -0.5 to -1-15 _ 

__ 200 _ 

-55 to +125 -40 to +85 

-Vss^Vin^Vdd - 

_- 65 to +150_ 


* For types CD4009A and CD4010A, Vss< Vcc< Vdd 
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Noise immunity. Noise immunity 
data are expressed in terms of ab¬ 
solute values referenced above or 
below the normal-state level for 
which the logic level will change 
state. For example, if the device 
input is at a logic level of +10 volts 
(Vi)i) of 10 volts) and the guaran¬ 
teed noise immunity for the device 
is 3 volts, the device will not change 
state when the input level drops from 
+ 10 to 7 volts because of noise. 
Similarly, if the input is at 0 volts 
(logic 0) under the same conditions, 
the device will not change state when 
noise signals of 3 volts appear at 
the input. The interfering or noise 
voltage may be of either a slow drift 
variety (dc), transient in nature 
(ac), or a combination of both. Typi¬ 
cal noise immunity is ± 4.5 volts at 
Vdd = 10 V, and ± 2.25 volts at 
Vdd = 5 V. 

Propagation delay. The propaga¬ 
tion delay in COS/MOS devices de¬ 
pends upon the load that is driven 
and upon the supply voltage. Typi¬ 
cal values are tenths of micro¬ 
seconds. 

Clock frequency. For sequential 
circuits such as flip-flops, counters, 
and registers, a maximum clock 
frequency (toggle rate) is given; 
values range from 1 to 10 MHz. 
Clock rise-time and fall-time are also 
listed. Maximum values are on the 
order of 5 to 15 microseconds. 

Dynamic power consumption. 
Power dissipation in COS/MOS de¬ 
vices is a function of load capaci¬ 
tance (ac fanout), supply voltage, 
and switching frequency. Typical 
values range from less than a micro¬ 
watt to a fraction of a watt. 

USE OF COS/MOS DEVICES 
IN EQUIPMENT DESIGN 

The following paragraphs outline 
some guidelines for the design of 
equipment that uses RCA COS/MOS 
integrated circuits. The equipment 
operating conditions have an im¬ 
portant bearing on the reliability 
and life of an integrated circuit; 


therefore, the equipment designer 
must make sure that the system does 
not impose excessive electrical 
stresses that may adversely affect 
the life or performance of any de¬ 
vice and thereby degrade the re¬ 
liability of the system. 

Maximum Ratings 

The first rule in the design of a 
COS/MOS logic system is to make 
certain that no maximum rating of 
a COS/MOS integrated circuit will 
be exceeded under any condition of 
operation. The power-supply voltage 
should never be applied to a COS/ 
MOS integrated circuit in the re¬ 
verse polarity. Application of a re¬ 
verse voltage greater than 0.5 volt 
may damage the integrated circuit. 
Input signals should not exceed the 
power-supply range unless special 
precautions are taken to limit cur¬ 
rent through the input protective 
diodes. The Vcc terminal of the 
CD4009A and CD4010A circuits 
must never be more positive than 
the Vdd voltage, although this termi¬ 
nal can be connected to the same 
voltage value if these circuits are 
to be used as non-level-shifting 
buffers. 

Power supply regulation and turn¬ 
on and turn-off transients must not 
exceed the maximum supply rating 
of 15 volts. Reliable designs should 
normally not use power supply volt¬ 
ages greater than 12 to 13 volts. 

A worse-case design for high-re¬ 
liability equipment should be based 
on the maximum or minimum rat¬ 
ing specified for a device, rather 
than on typical values. 

Unused Inputs 

All unused input leads must be 
connected to either Vss or Vdd, 
whichever is appropriate for the 
logic circuit involved. A floating in¬ 
put on a high-current type, such as 
the CD4009A, CD4010A, CD4041A, 
CD4049A, and CD4050A, not only 
can result in faulty logic operation. 
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but can cause the maximum power 
dissipation of 200 milliwatts to be 
exceeded and may result in damage 
to the device. Inputs to these types 
on printed-circuit boards that may 
temporarily become unterminated 
should have a pull-up resistor to 
Vss or Vdd. a useful range of re¬ 
sistor values is from 0.2 to 1 meg¬ 
ohm. 

Input Signals 

Signals must not be applied to 
the inputs while the device power 
supply is off unless the input cur¬ 
rent source is limited to a steady- 
state yalue of less than 5 milli- 
amperes. 

Handling and Input/Output 
Protection 

All COS/MOS gate inputs have 
a resistor/diode gate protection net¬ 
work. All transmission gate inputs 
and all outputs have diode protec¬ 
tion provided by inherent p-n junc¬ 
tion diodes that limit input signals 


to worst-case values of less than 20 
to 30 volts. These diode networks at 
input and output interfaces fully 
protect COS/MOS devices from gate- 
oxide failure (80- to 100-volt limit) 
for static discharges or signal volt¬ 
ages up to 1 to 2 kilovolts under 
most transient or low-current con¬ 
ditions. 

Output Short Circuits 

Shorting of outputs to Vss or Vdd 
can damage many of the higher-out¬ 
put-current COS/MOS types, such as 
the CD4007A, CD4009A, CD4010A, 
CD4041A, CD4049A, and CD4050A. 
In general, these types can all be 
safely shorted for supplies up to 
5 volts, but will be damaged (de¬ 
pending on type) at higher power- 
supply voltages. For cases in which 
a short-circuit load, such as the 
base of a p-n-p or n-p-n bipolar tran¬ 
sistor, is directly driven, the device 
output characteristics given in the 
published data should be consulted 
to determine the requirements for 
safe operation below 200 milliwatts. 
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A dc power supply converts the 
power from an ac line to di¬ 
rect current and a steady voltage 
of a desired value. The ac input 
power is first rectified to provide 
a pulsating dc, and then filtered 
to produce a smooth voltage. Finally, 
the voltage may be regulated to 
maintain a constant output level de¬ 
spite fluctuations in the power-line 
voltage or circuit loading. The rec¬ 
tification, filtering, and regulation 
steps in a dc power supply are il¬ 
lustrated in Fig. 276. 

A dc power supply need not in¬ 
clude all three of the elements 
shown in Fig. 276. Electroplating 
supplies and battery chargers re¬ 
quire only rectification of the ac, 
and broadcast receivers and phono¬ 
graph amplifiers need only the rec¬ 
tifier and filter steps. However 
circuits such as oscillators, high- 


gain amplifiers, and low-voltage 
logic, which have exacting frequency, 
stability, or output requirements, 
can be critically affected by varia¬ 
tions in dc supply voltages. There¬ 
fore, some type of regulation is 
frequently required to prevent sig¬ 
nificant changes in the output of a 
dc power supply as a result of line- 
voltage fluctuations or variations in 
circuit loading. 

RECTIFICATION 

The most suitable type of recti¬ 
fier circuit for a particular appli¬ 
cation depends on the dc voltage 
and current requirements, the 
amount of rectifier ^‘ripple^^ (un¬ 
desired fluctuation in the dc output 
caused by an ac component) that 
can be tolerated in the circuit, and 
the type of ac power available. 


AC 



-► DC 


V(t) 


0 




92CS-258I9 


Fig. 276—Simplified block diagram of a regulated dc power supply. Waveforms show 
effects of rectification, filtering, and regulation. (Dashed lines indicate voltage fluctua¬ 
tions as a result of input variations.) 
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Figs. 277 through 283 show seven 
basic rectifier configurations. (Fil¬ 
ters used to smooth the rectifier 
output are not shown for these cir¬ 
cuits, but are discussed later.) 
These illustrations also include the 
output-voltage waveforms for the 
various circuits and the current 
waveforms for each individual rec¬ 
tifier in the circuits. Ideally, the 
voltage waveform should be as flat 
as possible (i.e., approaching al¬ 
most pure dc). A flat curve indi¬ 
cates a peak-to-average voltage 
ratio of one. 

The single-phase half-wave cir¬ 
cuit shown in Fig. 277 delivers only 
one phase of current for each cycle 
of ac input voltage. As shown by 
the current waveform, the single 
rectifier conducts the entire current 
flow. This type of circuit contains 
a very high percentage of output 
ripple. 


+ 



92CS-25820 

Fig. 277 — Single-phase half-wave circuit. 

Fig. 278 shows a single-phase 
full-wave circuit that operates from 
a center-tapped high-voltage trans¬ 
former winding. This circuit has a 
lower peak-to-average voltage ratio 
than the circuit of Fig. 277 and 
about 65 per cent less ripple. Only 
50 per cent of the total current flows 
through each rectifier. This type of 
circuit is widely used in television 
receivers and large audio amplifiers. 




Fig. 278 — Single-phase full-wave circuit 
with center-tapped power transformer. 

The single-phase full-wave bridge 
circuit shown in Fig. 279 uses four 
rectifiers, and does not require the 
use of a transformer center-tap. It 
can be used to supply twice as much 
output voltage as the circuit of Fig. 
278 for the same transformer volt¬ 
age, or to expose the individual rec¬ 
tifiers to only half as much peak 


+ 



OUTPUT 

VOLTAGE 



RECTIFIER 

CURRENT 



92CS-25822 

Fig. 279 — Single-phase full-wave circuit 
without center-tapped power transformer 
(i.e., bridge-rectifier circuit). 
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Fig. 280 — Three-phase “Y” half-wave circuit. 


OUTPUT 

VOLTAGE 

rw^ 


n 



RECTIFIER 

CURRENT 


reverse voltage for the same output 
voltage. Only 50 per cent of the total 
current flows through each rectifier. 
This type of circuit is popular in 
amateur transmitter use. 

The three-phase circuits shown 
in Figs. 280 through 283 are usu¬ 
ally found in heavy industrial equip¬ 
ment such as high-power transmit¬ 
ters. The three-phase Y half-wave 
circuit shown in Fig. 280 uses three 
rectifiers. This circuit has consider¬ 
ably less ripple than the circuits 
discussed above. In addition, only 
one-third of the total output cur¬ 
rent flows through each rectifier. 

Fig. 281 shows a three-phase full- 
wave bridge circuit which uses six 
rectifiers. This circuit delivers twice 
as much voltage output as the cir¬ 
cuit of Fig. 280 for the same trans¬ 


former conditions. In addition, this 
circuit, as well as those shown in 
Figs. 282 and 283, has an extremely 
small percentage of ripple. 

In the six-phase ^^star’’ circuit 
shown in Fig. 282, which also uses 
six rectifiers, the least amount of 
the total output current (one-sixth) 
flows through each output rectifier. 
The three-phase double-Y and inter¬ 
phase transformer circuit shown in 
Fig. 283 uses six half-wave recti¬ 
fiers in parallel. This arrangement 
delivers six current pulses per cycle 
and twice as much output current 
as the circuit shown in Fig. 280. 

Table XXXI lists voltage and cur¬ 
rent ratios for the circuits shown 
in Figs. 277 through 283 for resis¬ 
tive or inductive loads. These ratios 
apply for sinusoidal ac input volt- 



Fig. 281 — Three-phase “T” full-wave circuit. 
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ages. It is generally recommended sistive loads be used for filtering of 
that inductive loads rather than re- rectifier current, except for the cir- 




Fig. 283 — Three-phase “double-Y” and inter phase-transformer circuit. 
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cuit of Fig. 277. Current ratios 
given for inductive loads apply only 
when a filter choke is used between 
the output of the rectifier and any 
capacitor in the filter circuit. Values 
shown do not take into considera¬ 
tion voltage drops which occur in 
the power transformer, the silicon 
rectifiers, or the filter components 
under load conditions. When a par¬ 
ticular rectifier type has been se¬ 
lected for use in a specific circuit, 
Table XXXI can be used to deter¬ 
mine the parameters and charac¬ 
teristics of the circuit. 

In Table XXXI, all ratios are 


shown as functions of either the 
average output voltage Eav or the 
average dc output current lav, both 
of which are expressed as unity for 
each circuit. In practical applica¬ 
tions, the magnitudes of these aver¬ 
age values will, of course, vary for 
the different circuit configurations. 

FILTERING 

Filter circuits are generally used 
to smooth out the ac ripple in the 
output of a rectifier circuit. Filters 
consist of two basic types, inductive 
“choke^’ input and capacitive input. 


Table XXXI—Voltage and Current Ratios for Rectifier Circuits Shown 
in Figs. 277 Through 283. Fig. 277 Uses a Resistive Load, and Figs. 
278 Through 283 Use Resistive or Inductive Loads 


CIRCUIT RATIOS 

Fig. 277 

Fig. 278 

Fig. 279 

Fig. 280 

Fig. 281 

Fig. 282 

Fig. 283 

Output Voltage: 
Average . 

Eav 

Eav 

Eav 

Eav 

Eav 

E.v 

E„ 

Peak (x Eav) . 

3.14 

1.57 

1.57 

1.21 

1.05 

1.05 

1.05 

RMS (x Eav) . 

1.57 

1.11 

1.11 

1.02 

1.00 

1.00 

1.00 

Ripple (%) . 

121 

48 

48 

18.3 

4.3 

4.3 

4.3 

Input Voltage 
(RMS) : 

Phase (x Eav) 

2.22 

1.11* 

1.11 

0.855* 

0.428* 

0.74* 

0.855* 

Line-to-Line 

(X Eav) .... 

2.22 

2.22 

1.11 

1.48 

0.74 

1.48t 

1.71t 

Average Output 
(Load) 

Current . 

lav 

lav 

lav 

lav 

lav 

lav 

lav 

RECTIFIER CELL RATIOS 

Forward Current: 

Average (x lav) 1.00 

0.5 

0.5 

0.333 

0.333 

0.167 

0.167 

RMS (x lav) : 
resistive load 

1.57 

0.785 

0.785 

0.587 

0.579 

0.409 

0.293 

inductive load 

— 

0.707 

0.707 

0.578 

0.578 

0.408 

0.289 

Peak (x lav) : 

resistive load 

3.14 

1.57 

1.57 

1.21 

1.05 

1.05 

0.525 

inductive load 

— 

1.00 

1.00 

1.00 

1.00 

1.00 

0.500 

Ratio peak to 
average: 
resistive load 

3.14 

3.14 

3.14 

3.63 

3.15 

6.30 

3.15 

inductive load 

— 

2.00 

2.00 

3.00 

3.00 

6.00 

3.00 

Peak Reverse 
Voltage: 

X Eav . 

3.14 

3.14 

1.57 

2.09 

1.05 

2.42 

2.09 

X Er„.s . 

1.41 

2.82 

1.41 

2.45 

2.45 

2.83 

2.45 

* to center tap • to natural 

t maximum 

value 

X maximum value. 

no load 


* to center tap 
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Combinations and variations of 
these types are often used; some 
typical filter circuits are shown in 
Fig. 284. 

The simplest of these filtering 
circuits is the capacitive input. This 
type of filtering is most often used 
in low-current circuits in which a 


fairly large amount of ripple can 
be tolerated. Such circuits are usu¬ 
ally single-phase, half-wave or full- 
wave. In this type of filter, the 
capacitor charges up to approxi¬ 
mately the peak of the input voltage 
on each half-cycle that a rectifier 
conducts. The current into the load 


CHOKE-INPUT 
TYPE FILTER 


CAPACITOR-INPUT 
TYPE FILTER 
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Fig. 284—Typical filter circuits. 
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is then supplied from the capacitor 
rather than from the power supply 
until the point in the next half-cycle 
when the input voltage again equals 
the voltage across the capacitor. A 
rectifier circuit that uses a smooth¬ 
ing capacitor and the voltages in¬ 
volved are shown in Fig. 285. 

Higher average dc output volt¬ 
ages and currents can be obtained 
from this type of circuit by the 
use of larger capacitors. A larger 
capacitor also tends to reduce the 
ripple. However, care must be taken 
that the capacitor is not so large 
that excessive peak and rms currents 
cause overheating of the rectifier. 
The effects of capacitor loading on 
a rectifier circuit are discussed in 
detail in the section on Capacitive- 
Load Circuits. 

The next simplest filter is the 
inductive input filter. This filter 
performs the same function as a 
capacitive input filter in that it 
smooths the load current by stor¬ 
ing energy during one part of the 
cycle and releasing it to the load 
during another part of the cycle. 


However, the inductor acts in a dif¬ 
ferent way by extending the time 
during which current is drawn from 
a rectifier. When a smoothing in¬ 
ductor is used in series with a full- 




Fig. 285 — Bridge-rectifier circuit with ca¬ 
pacitor input filter. 
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wave rectifier circuit, the conduction 
period of each rectifier may be ex¬ 
tended so that conduction does not 
stop in one rectifier until the other 
rectifier starts conducting. As a re¬ 
sult of this spreading action, any 
increase in inductance to reduce 
ripple results in a decrease in the 
average output voltage and current. 

The smoothing capabilities of 
capacitors and inductors can be 
combined as shown in the other fil¬ 
ters of Fig. 284 to take advantage 
of the best feature of each. Filters 
which provide maximum output 
and minimum ripple and use rea¬ 
sonably small components can thus 
be designed. 

CAPACITIVE-LOAD CIRCUITS 


rating charts such as those shown 
in Figs. 287 and 288. Each point of 
these curves defines a surge rating 
by indicating the maximum time for 
which the device can safely carry a 
specific value of rms current. 

With a capacitive load, maximum 
surge current occurs if the circuit 
is switched on when the input volt¬ 
age is near its peak value. When the 
time constant RsC of the surge loop 



R 

0.2 

’ MEGOHM 


When rectifiers are used in cir¬ 
cuits with capacitive loads, the rec¬ 
tifier current waveforms may deviate 
considerably from their true sinu¬ 
soidal shape. This deviation is most 
evident for the peak-to-average- 
current ratio, which is somewhat 
higher than that for a resistive load. 
For this reason, capacitive-rating 
calculations are generally more com¬ 
plicated and time-consuming than 
those for resistive-load rectifier cir¬ 
cuits. However, the simplified rat¬ 
ing system described below allows 
the designer to calculate the charac¬ 
teristics of capacitive-load rectifier 
circuits quickly and accurately. 

Fig. 286 shows typical half-wave 
and voltage-doubling rectifier cir¬ 
cuits that use capacitive loads. In 
such circuits, the low forward volt¬ 
age drop of the silicon rectifiers may 
result in a very high surge of cur¬ 
rent when the capacitive load is first 
energized. Although the generator 
or source impedance may be high 
enough to protect the rectifier, ad¬ 
ditional resistance must be added 
in some cases. The sum of this re¬ 
sistance plus the source resistance 
is referred to as the total limiting 
resistance Rs. The magnitude of Rs 
required for protection of the rec¬ 
tifier may be calculated from surge 



Fig. 286—Typical rectifier circuits using 
capacitive loads: (a) half-wave rectifier 
circuit; (b) voltage doubler. 

is much smaller than the period of 
the input voltage, the peak current 
Ipeak is equal to the peak voltage 
Epeak divided by the limiting re¬ 
sistance Rs, and the resulting surge 
approximates an exponentially de¬ 
caying current with the time con¬ 
stant RsC. 

Surge-current ratings for recti¬ 
fiers are often given in terms of the 
rms value of the surge current and 
the time duration t of the surge. 
For rating purposes, the surge dura¬ 
tion t is defined by the time con¬ 
stant RsC. The rms surge current 
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SURGE DURATION —S 92CS-25830 

Fig. 287—Universal surge rating charts 
for RCA rectifiers. 

Irms is then approximated by the 
following equations: 

Irms — 0.7 (EpeakC/RsC) 

= 0.7 (EpeakC/t) 

and 


Irmst — 0.7 Epeak C 

where Epeak and C are the values 
specified by the circuit design. This 
equation may then be plotted on the 
surge-rating chart, which has axes 
labeled Irms and t. Because RsC is 
equal to t, any given value of Rs de¬ 
fines a specific time t, and hence a 
specific point on the plot of the equa¬ 
tion for Irmst. However, Rs must be 
large enough to make this point fall 
below the rating curve for the rec¬ 
tifier used. 


The following example illustrates 
the use of this simplified procedure 
for the half-wave rectifier circuit 
shown in Fig. 286(a), which has a 
frequency f of 60 Hz and a peak 
input voltage Epeak of 4950 volts. The 
values shown for Epeak and C are 
substituted in the equation for Irmst 
as follows: 

Irmst = 0.7 (4950) (2.5 X 10'®) 

= 0.0086 

When this value is plotted on the 
surge-rating chart of Fig. 289, the 
resulting line intersects the recti¬ 
fier rating curve at 3.3 X 10"^ sec¬ 
ond. The minimum limiting resis¬ 
tance which affords adequate surge 
proctection is then calculated as 
follows: 


RsC > 3.3 X 10-^ 

Rs ^ ohms 

2.5 X 10'® 

Therefore the value of 150 ohms 
shown for Rs in Fig. 286(a) provides 
adequate surge-current protection 
for the rectifier. 

The design of rectifier circuits 
having capacitive loads often re¬ 
quires the determination of rectifier 
current waveforms in terms of av¬ 
erage, rms, and peak currents. These 



92CS-25831 

Fig. 288—Typical coordination chart for 
determination of fusing requirements: 
Curve A—surge rating for 20-ampere rec¬ 
tifier; Curve B—expected surge current 
in half-wave circuit; Curve C—opening 
characteristics of protective device; Curve 
D—resulting surge current in modified 
circuit. 
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waveforms are needed for calcula¬ 
tion of circuit parameters, selection 
of components, and matching of cir¬ 
cuit parameters with rectifier rat¬ 
ings. Although actual calculation of 
rectifier current is a rather lengthy 
process, the current-relationship 
charts shown in Figs. 290 and 291 



SURGE DURATION-S 


Fig. 289—Surge rating chart for stack 
rectifier CR210, 


can be used to determine peak or 
rms current if the average current 
is known, or vice versa. 

The ratios of peak-to-average cur¬ 
rent (Ipeak/Iav) and rms-to-average 
current (Irms/Iav) are shown in Fig. 
289 as functions of the circuit con¬ 
stants nwCRL and Rs/nRL. The 
quantity wCRl is the ratio of resis- 
tive-to-capacitive reactance in the 
load, and the quantity Rs/Rl is the 
ratio of the limiting resistance to 
the load resistance. The factor n, 
referred to as the '^charge factor,’’ 
is simply a multiplier which allows 
the chart to be used for various cir¬ 
cuit configurations. The value of n 
is equal to unity for half-wave cir¬ 
cuits, to 0.5 for doubler circuits, and 
to 2 for full-wave circuits. (These 
values actually represent the rela¬ 
tive quantity of charge delivered to 
the capacitor on each cycle.) 


ncj( 
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Fig. 290—Relationship of peak, average, and rms rectifier currents in capacitor-input 

circuits. 
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EFFECTIVE RATIO OF RESISTIVE TO CAPACITIVE IMPEDANCE (nwCR) 

92CS-25834 

Fig. 291 — Forward-current ratios for rectifiers in capacitor-input circuits in which 

is much less than Rl. 


In many silicon rectifier circuits, 
Rs may be neglected when compared 
with the magnitude of Rl. In such 
circuits, the calculation of rectifier 
currents is simplified by use of Fig. 
291, which gives current ratios un¬ 
der the limitation that Rs/Rl ap¬ 
proaches zero. Even if this condi¬ 
tion is not fully satisfied, the use of 
Fig. 291 merely indicates a higher 
peak and higher rms current than 
will actually flow in the circuit, i.e., 
the rectifiers will operate more con¬ 
servatively than calculated. As a 
result, this simplified solution can 
be used whenever a rough approxi¬ 
mation or a quick check is needed 
on whether a particular rectifier 
will fit a specific application. When 
more exact information is needed, 
the chart of Fig. 290 should be used. 

Average output voltage Eav is 
another important quantity in ca¬ 
pacitor-input rectifier circuits be¬ 
cause it can be used to determine 
average output current Lv. The re¬ 
lationships between input and out¬ 
put voltages for half-wave, voltage- 
doubler, and full-wave circuits are 
shown in Figs. 292, 293, and 294, 
respectively. Fig. 295 shows curves 


of output ripple voltage (as a per¬ 
centage of Eav) for all three types 
of circuits. 

The following example illustrates 
the use of these curves in rectifier- 
current calculations. Both exact and 
approximate solutions are given. For 
the half-wave circuit of Fig. 286(a), 
the resistive-to-capacitive reactance 
ojCRl is given by 

(oCRl = 27r X 60 X 2.5 X lO"® X 200,000 
= 189 

For an exact solution using Fig. 
290, the ratio of Rs to Rl is first 
calculated as follows: 

Rs 150 

= - = 0.075 

Rl 200,000 

The values for wCRl and Rs/Rl are 
then plotted in Fig. 292 to deter¬ 
mine the average output voltage Eav 
and the average output current lav 
as follows: 

Eav/Epeak = 98 per cent 

Eav = 0.98 X 4950 = 4850 volts 

lav = Eav/RL 

lav = 4850 volts/200,000 ohms 
= 24.2 milliamperes 
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92C-25835 


Fig. 292—Relationship of applied ac peak 
voltage to dc output voltage in half-wave 
capacitor-input circuit. 



92CS-25836 

Fig. 293—Relationship of applied ac peak 
voltage to dc output voltage in capacitor- 
input voltage-doubler circuit. 


This value of lav is then substituted 
in the ratio of Irms/Iav obtained 
from Fig. 290, and the exact value 
of rms current Irms in the rectifier 
is determined as follows: 

Irms/Iav 1= 4.4 

Irms = 4.4 X 24.2 

= 107 milliamperes 

For a simplified solution using 
Fig. 291, it is assumed that the av¬ 
erage output current lav is approxi¬ 
mately equal to the peak input 
voltage Epeak divided by the load re¬ 
sistance Rl, as follows: 

lav — Epeak/RL 

lav = 4950/200,000 
= 24.7 milliamperes 

This value of Lv is then substituted 
in the ratio of Irms/Lv obtained 
from Fig. 291, and the approximate 
rms current is determined, as fol¬ 
lows: 

Irms/Iav — 5.7 
Irms = 5.7 X 24.7 

=: 141 milliamperes 

Current-versus-temperature rat¬ 
ings for rectifiers are usually given 
in terms of average current for a re¬ 
sistive load with 60-Hz sinusoidal 
input voltage. When the ratio of 
peak-to-average current becomes 
higher (as with capacitive loads), 
however, junction heating effects be¬ 
come more and more dependent on 
rms current rather than average 
current. Therefore, capacitive-load 
ratings should be obtained from a 
curve of rms current as a function 
of temperature. Because the ratio 
of rms-to-average current for the 
rated service is 1.57 (as shown by 
Irms/Iav at low wCR on Figs. 290 and 
291), the current axis of the aver¬ 
age-current rating curves for a 
sinusoidal source and resistive 
load can be multiplied by 1.57 to 
convert the curves to rms rating 
curves. 
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Fig. 294—Relationship of applied ac peak voltage to dc 

capacitor-input circuit. 


output voltage in full-wave 



Fig. 295—RMS ripple voltage in capacitor-input circuits. 




D.C. Power Supplies 


261 


REGULATION 


The regulation of a dc power sup¬ 
ply is usually accomplished by some 
type of feedback circuit that senses 
any change in the dc output and de¬ 
velops a control signal to cancel this 
change. As a result, the output is 
maintained essentially constant. The 
nature of the control exercised by 
the feedback circuit (regulator) is 
determined by the type of circuit 
arrangement (series or shunt) and 
the mode of operation of the vari¬ 
able-resistance pass element, which 
is a transistor or an SCR. Ih a 
transistor regulator, the output volt¬ 
age from the dc power supply is 
compared with a reference voltage, 
and the difference signal is ampli¬ 
fied and fed back to the base of a 
pass transistor. In response to the 
feedback signal, the conduction of 
the pass transistor is varied, either 
linearly or as a switch, to regulate 
the output voltage. When the pass 
transistor can be operated at any 
point between cutoff and saturation, 
the regulator circuit is referred to 
as a linear voltage regulator. When 
the pass transistor operates only at 
cutoff or at saturation, the circuit 
is referred to as a switching regu¬ 
lator. All SCR regulators are by 
nature of SCR operation switching 
regulators. 

All linear voltage regulators can 
be classified as either series or shunt 
types, as determined by the arrange¬ 
ment of the pass element with re¬ 
spect to the load. In a series regu¬ 
lator, as the name implies, the pass 
transistor is connected in series with 
the load. Regulation is accomplished 
by variation of the current through 
the series pass transistor in response 
to a change in the line voltage or 
circuit loading. In this way, the 
voltage drop across the pass tran¬ 
sistor is varied and that delivered 
to the load circuit is maintained es¬ 
sentially constant. In the shunt 
regulator, the pass transistor is 
connected in parallel with the load 
circuit, and a voltage-dropping re¬ 


sistor is connected in series with this 
parallel network. If the load current 
tends to fluctuate, the current 
through the pass transistor is in¬ 
creased or decreased as required to 
maintain an essentially constant 
current through the dropping re¬ 
sistor. 

Series Regulators 

Fig. 296 shows a basic configura¬ 
tion for a linear series regulator 
which is representative of the type 
used in voltage-regulating power 
supplies. In this type of regulator, 
the series pass transistor is usually 
operated as an emitter-follower, and 
the control (error) signal is used to 
initiate the regulating action is ap¬ 
plied to the base. The base control 
is developed by a dc amplifier. This 
amplifier, which is included in the 
feedback loop from the load circuit 
to the pass transistor, senses any 
change in the output voltage by 
comparison of this voltage with a 
known reference voltage. If an er¬ 
ror exists, the error voltage is am¬ 
plified and applied to the base of 
the pass transistor. The conduction 
of the pass transistor is then in¬ 
creased or decreased in response to 
the error signal input as required 
to maintain the output voltage at 
the desired value. 

Fig. 297 shows the basic configu¬ 
ration for a linear regulator circuit 
used in current-regulating power 
supplies. This regulator senses the 
voltage across a resistor in series 
with the load, rather than the volt¬ 
age across the load circuit as in the 
linear voltage regulator. Because the 
voltage across the series resistor is 
directly proportional to the load 
current, a detected error signal can 
be used to cancel any tendency for 
a change in load current from the 
desired value. Ideally, the linear 
current regulator has an infinite 
output impedance. 

Performance Parameters—Most 
voltage-regulated power supplies 
are required to provide voltage 
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regulation for wide variation in load 
current. It is important, therefore, 
to specify the output impedance of 
the supply, AVout/Alout, over a large 
band of frequencies. This parameter 
indicates the ability of the power 
supply to maintain a constant out¬ 
put voltage during rapid changes in 
load. The output impedance of a 
typical voltage-regulated supply is 
normally less than 0.1 ohm at all 
frequencies below 2 kHz. Above this 
frequency, the impedance increases 
and may be as much as several 
ohms. 

A power supply must continue to 
supply a constant voltage (or cur¬ 
rent) regardless of variations in 
line voltage. An index of its ability 
to maintain a constant output volt¬ 
age or current during input varia¬ 
tion is called the line regulation of 


the supply, which is defined as 100 
(Vo'/Vo), or as the change in out¬ 
put voltage AVo, for a specified 
change in input voltage, expressed 
in per cent. Typical values of line 
regulation are less than 0.01 per 
cent. 

Another important power-supply 
parameter is load regulation, which 
specifies the amount that the regu¬ 
lated output quantity (voltage or 
current) changes for a given change 
in the unregulated quantity. Load 
regulation is mainly a function of 
the stability of the reference source 
and the gain of the feedback net¬ 
work. 

Foldback Current Limiting—Fold- 
back current limiting is a form of 
protection against excessive current. 
If the load impedance is reduced to 



Fig. 297—Basic series regulator modified for current sensing. 
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a value that would draw more than 
the predetermined maximum current, 
the foldback circuit reduces output 
voltage and thus reduces the cur¬ 
rent. Further reduction of load im¬ 
pedance causes further decrease of 
output voltage and current; there¬ 
fore a regulated power supply that 
includes a foldback current-limiting 
circuit has the voltage-current char¬ 
acteristic shown in Fig. 298. The 



92CS-2584I 

Fig. 298—Output characteristic of a regu¬ 
lated power supply with foldback current- 
limiting protection for pass transistor. 

foldback process is reversible; if 
the load impedance is increased 
while the circuit is in the limiting 
mode, the output voltage and cur¬ 


rent increase. When the current 
reaches the threshold level, the regu¬ 
lator is re-activated, and the power 
supply returns to normal operation. 

A foldback current-limiting circuit 
is shown in Fig. 299. At low output 
current, transistor Qr, is cut off; the 
value of resistor Rr> is selected so 
that Qs has zero bias when the out¬ 
put current reaches its rated value, 
Ik. When the load current Iout 
reaches the limiting value, Ix, Qs 
begins to conduct; current flows 
through resistor Rl>, transistor 
turns on, and the base-to-emitter 
voltage of transistor Qa is reduced. 
Therefore, the base-to-emitter volt¬ 
age of transistor Qa decreases, and 
the output voltage of the power sup¬ 
ply decreases. This decrease in the 
output voltage Vour reduces the out¬ 
put current, so that Qs continues to 
conduct at the same emitter cur¬ 
rent. If the load impedance is re¬ 
duced further, Qr> is driven even 
harder, and the output voltage and 
current decrease even further. 

Shunt Regulators 

Although shunt regulators are not 
as efficient as series regulators for 



92CS-25842 


Fig. 299—Foldback current-limiting circuitry in a series voltage regulator. 
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most applications, they have the ad- 
vantage of greater simplicity. The 
shunt regulator includes a shunt 
element and a reference-voltage ele¬ 
ment. The output voltage remains 
constant because the shunt-element 
current changes as the load current 
or input voltage changes. This cur¬ 
rent change is reflected in a change 
of voltage across the resistance Ri 
in series with the load. A typical 
shunt regulator is shown in Fig. 300. 



92CS-25843 


Fig. 300—Basic configuration for a typical 
shunt regulator. 

The shunt element contains one 
or more transistors connected in the 
common-emitter configuration in 
parallel with the load, as shown in 
Fig. 301. 



92CS-25844 

Fig. 301—Shunt regulator circuit using 
two transistors as the shunt pass element. 


Switching Regulator 

Fig. 302 shows the basic configu¬ 
ration for a switching type of tran¬ 
sistor voltage regulator. In this 
circuit, the pass transistor is con¬ 
nected in series with the load, and 
regulation of the output voltage is 
accomplished by on-off switching of 
the pass transistor through a feed¬ 
back circuit. The feedback circuit 
samples the output voltage and 
compares it to a reference voltage. 
The difference (error signal) be¬ 
tween the two voltages is used to 
control the on-off duty cycle of the 
pass transistor. If the output volt¬ 
age tends to decrease below the ref¬ 
erence voltage, the duration of the 
on-time pulse increases. The pass 
transistor then conducts for a longer 
period of time so that the output 
voltage increases to the desired level. 
If the output voltage tends to rise 
above the reference voltage, the 
duration of the on-time pulse de¬ 
creases. The shorter conduction 
period of the pass transistor then 
results in a compensating decrease 
in output voltage. Some type of 
filter is required between the pass 
transistor and the load to obtain a 
smooth dc output. A commonly used 
filter consists of an LC network and 
a commutating diode. 

The major advantage of the 
switching regulator over the linear 
regulator is the higher efficiency 
that results from the mode of op¬ 
eration of the series pass transis¬ 
tor. In this mode of operation, the 
transistor is operated in its two 
most efficient stages, either at cut¬ 
off or at saturation. As a result, 
dissipation is considerably less than 
when the transistor is operated in 
the linear region. The response time 
of the switching regulator, however, 
is usually slower than that of the 
linear regulator, but can be im¬ 
proved by operation of this circuit 
at higher frequencies. 

Basic Filter Considerations—A 
fundamental part of every switching 
regulator is the filter. Fig. 303 
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Fig. 302—Basic configuration of switching type of transistor voltage regulator: (a) block 
diagram; (b) schematic diagram. 


shows the various types of filters 
that can be used. Selection of the 
optimum filter for a power supply 
is based on the load requirements 
of the particular circuit and con¬ 
sideration of the basic disadvantages 
of the various types of filters. 

A capacitive filter, shown in Fig. 
303(a), has two primary disadvan¬ 
tages; (1) because large peak cur¬ 
rents exist, R must be made large 
enough to limit peak transistor cur¬ 
rent to a safe value; and (2) the 
resistance in this circuit introduces 
loss. 

An inductive filter, shown in 
Fig. 303(b), has three disadvan¬ 
tages: (1) The inductance may pro¬ 
duce a destructive voltage spike 
when the transistor turns off. This 
problem, however, can be solved ef¬ 
fectively by the addition of a com¬ 
mutating diode, as shown in Fig. 
304. This diode commutates the cur¬ 
rent flowing through the inductor 
II when the transistor switches off. 


(2) An abrupt change in the load 
resistance Ri. produces an abrupt 
change in the output voltage because 
the current through the load II can- 

O—-?-O 

(a) i 

o-1-O 


O-—o 

o-o 



92CS-25846 

Fig. 303—Typical filter circuits for use 
between pass element and load in a switch¬ 
ing regulator: (a) capacitive filter; (b) in¬ 
ductive filter; (c) inductive-capacitive filter. 
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Fig. 304—Use of inductance and com¬ 
mutating diode as filter network between 
pass transistor and load in switching 
voltage regulator. 

not change instantaneously. (3) A 
third disadvantage of the inductive 
filter becomes evident during light 
loads. The energy stored in an in¬ 
ductor is proportional to the induct¬ 
ance and the square of the load 
current. Under light load conditions, 
the inductor must be much larger 
to provide a relatively constant 
current flow when the transistor is 
off than is required for a heavy 
load. 

Most of the problems associated 
with either a capacitive filter or an 
inductive filter can be solved by use 
of a combination of the two as 
shown in Fig. 303(c). Because the 
energy stored in an inductor varies 
directly as current squared, whereas 
the energy output at constant volt¬ 
age varies directly with current, it 
is not usually practical to design 
the inductor for continuous current 
at low current outputs. The addi¬ 
tion of a capacitor eliminates the 
need for a continuous flow of cur¬ 
rent through the inductor. With the 
addition of a commutating diode, 
this filter has the following advan¬ 
tages. 

(1) No “lossy’’ elements are re¬ 
quired. 

(2) The inductive element need 
not be oversized for light loads be¬ 
cause the capacitance maintains the 
proper output voltage Vout if the in¬ 
ductive current becomes discontinu¬ 
ous. 

(3) High peak currents through 
the transistor are eliminated by the 
use of the inductive element. 


The means by which the switching 
regulator removes the line-frequency 
ripple component is illustrated in 
Fig. 305. The “on” time increases un¬ 
der the valley points of the unregu¬ 
lated supply and decreases under 
the peaks. The net result is to re¬ 
move the 60-Hz component of ripple 
and introduce only ripple at the 
switching frequency, which is a rela¬ 
tively high frequency and easily fil¬ 
tered out. 



Fig. 305—Effect of high-frequency switch¬ 
ing of the switching regulator on power- 
supply ripple component. 

Step-Down Switching Regulator— 
A transistor switching regulator can 
be used as a dc step-down trans¬ 
former. This circuit is a very effi¬ 
cient means of obtaining a low dc 
voltage directly from a high-voltage 
ac line without the need for a step- 
down transformer. Fig. 306 shows 
a typical step-down transistor 
switching regulator. This regulator 
utilizes the dc voltage obtained from 
a rectified 117-volt line to provide a 
constant 60-volt supply. 

Phase-Controlled SCR 
Regulated Power Supply 

In a different type of pulse-width- 
modulated switching regulator, the 
pass element is switched at the line 
frequency and the conduction angle 
is varied to obtain the desired pulse 
width. This type of control is gener¬ 
ally used with SCR’s because turn¬ 
on of an SCR is simple and turn-off 
is accomplished automatically when 
the line voltage reverses. 
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Fig. 306—Typical step-down transistor switching regulator. 


Fig. 307 shows the circuit con¬ 
figuration for a regulated dc power 
supply that uses an SCR as a series 
pass element. This type of circuit is 
designed to provide approximately 
125 volts, regulated to ± 3 per cent 
for both line and load. Ripple is less 
than 0.5 per cent rms. 


The power supply is basically a 
half-wave phase-controlled rectifier. 
The 5-microfarad capacitor between 
the cathode and gate of the SCR 
charges up during half of each cycle 
and is discharged by the firing of 
the SCR. The firing angle of the 
SCR is advanced or retarded by the 
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charging current flowing into the 
capacitor. Some of the current which 
would normally charge this capaci¬ 
tor is shunted by the collector of the 
control transistor. As the current in 
the control transistor increases, cur¬ 
rent is shunted around the capaci¬ 
tor, through the ballast lamp, so that 
the capacitor charging time is in¬ 
creased. As a result, the firing angle 
of the SCR is retarded, and a lower 
output voltage results. 

The controlling voltage on the con¬ 
trol transistor is derived from both 
the dc output and the line voltage 
in such a manner as to provide load 
and line regulation respectively. The 
voltage-dependent resistor (VDRi) 
in the base circuit of the control 
transistor decreases resistance for 
an increase in line voltage and thus 
increases base current (and collec¬ 
tor current) as line voltage is in¬ 
creased. In addition, the ballast 
lamp exhibits an increase in resis¬ 
tance with increasing line voltage, 
and thus tends to retard the firing 
angle of the SCR. Changes in dc out¬ 
put voltage that result from varia¬ 
tions in load current are fed back to 
the base of the control transistor by 
a voltage divider at the input to the 
filter in the proper polarity to ad¬ 
just collector current in a direction 
to compensate for changes in dc out¬ 
put voltage. 

Integrated-Circuit 
Voltage Regulators 

The RCA CA3085, CA3085A, and 
CA3085B are monolithic integrated 
circuits designed for service as volt¬ 
age regulators at output voltages 
ranging from 1.7 volts to 46 volts 
with currents up to 100 milliamperes. 
They are supplied in 8-lead TO-5- 
style packages as shown in Fig. 308; 
block and schematic diagrams of the 
circuitry are shown in Fig. 309. 

Fig. 310 shows the schematic dia¬ 
gram of a simple regulated power 
supply using the CA3085. The ac 
supply voltage is stepped down by 
Ti, full-wave rectified by the diode 
bridge circuit, and smoothed by the 



8-LEAD TO-5 with o-LtAU 

Dual-In-Line Formed Leads TO-5 

Fig. 308—Packages for CA3085-series in¬ 


tegrated-circuit voltage regulators. 


large electrolytic capacitor Ci to pro¬ 
vide unregulated dc to the CA3085 
regulator circuit. Frequency com¬ 
pensation of the error-amplifier is 
provided by capacitor C2. Capacitor 
C3 bypasses residual noise in the 
reference-voltage source, and thus 
decreases the incremental noise-volt- 
age in the regulator circuit output. 

The CA3085A and CA3085B have 
output current capabilities up to 
100 milliamperes and the CA3085 
up to 12 milliamperes without the 
use of external pass transistors. 
However, all the devices can pro¬ 
vide voltage regulation at load cur¬ 
rents greater than 100 milliamperes 
with the use of suitable external 
n-p-n transistors as shown in Fig. 
311. In this circuit, the output cur¬ 
rent available from the regulator is 
increased in accordance with the 

hpE of the external n-p-n pass tran¬ 
sistor. Output currents up to 8 am¬ 
peres can be regulated with this 
circuit. A Darlington power transis¬ 
tor can be substituted for the 

2N5497 transistor when currents 
greater than 8 amperes are to be 
regulated. 

The current-limiting provision that 
is incorporated into the CA3085 
integrated-circuit regulators, con¬ 
nected to terminal 8, is used with 
resistor Rscp in Fig. 311 for a simple 
short-circuit protection. However, 
this built-in current-limiting can 

also be used for foldback or snap- 

back limiting, as shown in the fol¬ 
lowing section on over-all circuit 
configurations. 



D.C. Power Supplies 


269 


COMPENSATION AND 
EXTERNAL INHIBIT 



(a) 92CS-I809I 



( b) 


Fig. 309—Block diagram (a) and schematic diagram (b) of the CA3085-series integrated- 

circuit voltage regulator. 


OVER ALL CIRCUIT 
CONFIGURATIONS 


Some representative dc power 
supply circuits have been described 
in the previous sections to illustrate 
the material under discussion. Sev¬ 
eral more supplies are described 
here. 


60-Watt, 20-Volt Supply 

A 60-watt 20-volt regulated power 
supply that uses integrated circuits 
and a single pass transistor is shown 
in Fig. 312. A 2N3055 transistor, 
driven by a 2N5781, extends the cur¬ 
rent capability of the CA3085 inte¬ 
grated-circuit voltage regulator; the 
overload protection provided by 
foldback current limiting permits 
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92CS-2I824 


Fig. 310—Basic power supply that uses CA3085 integrated circuit. 



Fig. 311 — High-current voltage regulator 
using CA3085 with an external n-p-n pass 
transistor. 

operation of the pass transistor at 
a dissipation level close to its limit. 
The foldback circuit achieves high 
efficiency by use of a CA3030 inte¬ 
grated-circuit operational amplifier. 

In this power supply, transformer 
Tl and rectifiers Di through D 4 sup¬ 
ply the raw dc power that is regu¬ 


lated by pass transistor Qi; this pass 
transistor is driven by driver Q 2 , 
which is driven by the control circuit 
ICi. Transformer T 2 , rectifiers De, 
Dt, Do, and Dio, and shunt regulator 
Q 4 , provide positive and negative 
supplies for operational amplifier 
IC 2 ; this operational amplifier drives 
the current-limiting control Qs. Out¬ 
put voltage is sensed at resistance 
string (Ro + Rw), and load current 
is sensed by Rs. 

For voltage regulation, the output 
voltage is sampled by the voltage 
divider (Ro + Ria), and a portion 
is fed to terminal No. 6 (the invert¬ 
ing input) of the CA3085. (This 
portion is less than the 3.3-volt 
breakdown voltage of zener diode 
D 5 ; the zener is present only to pro¬ 
tect the integrated circuit from ac¬ 
cidental overvoltages.) If the output 
voltage decreases, the base-to-emitter 
voltage of Q 2 increases, as explained 
in the next paragraph. Therefore 
the pass transistor Qi is driven 
harder, and as a result the output 
voltage increases to its original value 
(minus the error dictated by the 
system gain). 
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Fig. 312—Schematic diagram of 60-watt, 20-volt regulated power supply with foldback 

current limiting. 


Parts List 

for Fig. 312 

Ti 

Signal Transformer Co., Part No. 24-4 
or equivalent 

T 2 

Signal Transformer Co., Part No. 12.8- 
0.25 or equivalent 

D 1 -D 4 

RGA-1N1344B 

Ds 

Zener Diode, 1N5225 (3.3 V) 

Do, D7 ] 
D9, Dio J 

Power Rectifier, D1201B 

Ds 

Zener Diode, 1N5242 (12 V) 

Cl 

5900 /iF, 75 V, Sprague type 36D592- 
F075BC or equivalent 

C 2 

0.005 /iF, ceramic disc, Sprague TGD50 
or equivalent 

Ca, C7, Cio 

50 pF, ceramic disc, Sprague 30GA-Q50 
or equivalent 

Cl 

2 jiV, 25 V, electrolytic, Sprague 500D 
G025BA7 or equivalent 

Cs 

0.01 /iF, ceramic disc, Sprague TG510 
or equivalent 

Co 

500 /iF, 50 V, Cornell-Dubilier No. 
BR500-50 or equivalent 

Cs 

250 71 F, 25 V, Cornell-Dubilier BR 250- 
25 or equivalent 

C 9 

0.47 /iF, film type, Sprague type 220P 
or equivalent 

Ri 

5 ohms, 1 watt, IRC type BWH or 
equivalent 

R 2 

1000 ohms, 5 watts, Ohmite type 200- 
5 1/4 or equivalent 


Rs 1200 ohms, 1/2 watt, carbon, IRC type 

RC 1/2 or equivalent 

Ra 100 ohms, 1/2 watt, carbon, IRC type 

RC 1/2 or equivalent 

Rs 430 ohms, 2 watts, wire wound, IRC 

type BWH or equivalent 

Rs 9100 ohms, 2 watts, wire wound, IRC 

type BWH or equivalent 

R 7 470 ohms, 1/2 watt, carbon, IRC type 

RC 1/2 or equivalent 

Rs 5100 ohms, 1/2 watt, carbon, IRC type 

RC 1/2 or equivalent 

R9, Ri 4 1000 ohms, 2 watts, wire wound, IRC 

type BWH or equivalent 

Rio, Rir> 250 ohms, 2 watts, 1%, wire wound, 

IRC type AS-2 or equivalent 

Rii, Ri 7 1000 ohms, 1^2 watt, carbon, IRC type 
RC 1/2 or equivalent 

82 ohms, 2 wans, IRC type BWH or 
equivalent 

1000 ohms, potentiometer, Clarostat 
series U39 or equivalent 
1200 ohms, 2 watts, wire wound, IRC 
type BWH or equivalent 
510 ohms, 1/2 watt, carbon, IRC type 
RC 1/2 or equivalent 
10,000 ohms, 1/2 watt, carbon, IRC 
type RC 1/2 or equivalent 
300 ohms, potentiometer, Clarostat 
series U39 or equivalent 
510 ohms, 3 watts, wire wound, Ohmite 
type 200-3 or equivalent 


Ri2 

Ri3 

Ric 

Ris 

Ri 9 

R20 

R21 


Parts list continued on page 274 . 
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Fig. 313—Diagram of switching-regulator power supply (continued on page 273). 
























274 


RCA Solid-State Devices Manual 


Parts List for Fig. 312 (cont’d from page 271) 

Rc 240 ohms, 1%, wire wound, IRC type 

AS-2 or equivalent 

Rs (See text for fixed portion); 1 ohm, 

25 watts, Ohmite type H or equivalent 
I Cl RCA-CA3085 

IC 2 RCA-CA3030 

Qi RCA-2N3055 

Q 2 RCA-2N5781 

Qa, Qi RCA-40347 

Miscellaneous 

(1 Req’d) Heat Sink, Delta Division Wakefield 

Engineering NC-423 or equivalent 
(3 Req’d) Heat Sink, Thermalloy #2207 PR-10 or 
equivalent 

(1 Req’d) 8-pin socket Cinch #8-ICS or equivalent 

(1 Req’d) 14-pin DIL socket, T.I., #IC 014ST-7528 

or equivalent 

(2 Req’d) TO-5 socket ELCO #05-3304 or equiva¬ 

lent 

Vector Board #838AWE-1 or equivalent 
Vector Receptacle R644 or equivalent 
Chassis -— As required 
Cabinet — As required 
Dow Corning DC340 filled grease 


The foldback current limiting 
uses the CA3030 integrated circuit 
as a differential amplifier. A signal 
from the voltage divider R20 is ap¬ 
plied to the inverting input (termi¬ 
nal No. 3) of the differential ampli¬ 
fier. The non-inverting input is tied 
to system ground through Rie. Thus 
the base-to-base signal that actuates 
the differential amplifier is the dif¬ 
ference between Vks (= loRs) and 
the voltage drop across the lower 
end of R20. The CA3030 output, 
which is the voltage at terminal No. 
12 , varies linearly with the actuating 
voltage. When the load current is 
zero, Vrs is zero; therefore terminal 
12 is negative with respect to 
ground, and Qs is back-biased (i.e., 
cut off). Therefore Q 3 does not inter¬ 
fere with the normal voltage-regu¬ 
lated operation of the supply. As the 
load current increases, Vrs increases 
and the voltage at terminal 12 in¬ 
creases. 

The value of resistor Rs is ad¬ 
justed so that when the load current 
reaches the foldback-activation value 
(about 3 amperes) the voltage at 
terminal No. 12 of the CA3030 be¬ 
comes positive. At about 0.7 volt, 
transistor Q 3 begins to conduct; cur¬ 
rent flows through the current-limit¬ 
ing resistor Rc, with the result that 
terminal No. 1 of the CA3055 con¬ 


trol circuit is driven positive, the 
base-to-emitter voltage of Q 2 is re¬ 
duced, and the output voltage of the 
power supply decreases. If the load 
impedance is reduced, Qs will be 
driven even harder, and therefore 
the output voltage and the load cur¬ 
rent will decrease even further. 


250-Watt, 5-Volt Switching- 
Regulator Power Supply 

A switching-regulator power sup¬ 
ply that produces 250 watts at 5 
volts with an efficiency of 70 per 
cent is shown in Fig. 313 on pages 
272 and 273. It uses two switching 
transistors in a push-pull arrange¬ 
ment with variable pulse width; the 
switching rate is 200 kHz. 

The power supply can deliver a 
load current of 50 amperes at 5 
volts. All of the pulse-width modu¬ 
lation circuits, drivers, and latches 
are duplicated for each power¬ 
switching transistor. This duplica¬ 
tion uses more than the minimum 
number of components, but it pro¬ 
vides wide design margins and re¬ 
liable operation. 

Voltage regulation and over-load 
regulation are accomplished by re¬ 
ducing the duty cycle of the power¬ 
switching transistors. The duty 
cycle is reduced by triggering the 
latches on, either from pulse trans¬ 
formers Ta and T 4 to regulate the 
output voltage, or from transistors 
Qs and Qt to prevent excessive emit¬ 
ter currents in the power-switching 
transistors. The excessive currents 
could be caused by overloads at the 
output or by transformer core satu¬ 
ration resulting from unbalanced 
duty cycles. 

This power supply is capable of 
operating into any load impedance, 
including short circuits, without 
damage. It can operate at duty 
cycles from less than 10 per cent 
to 100 per cent. With a duty cycle 
of 100 per cent, the supply operates 
as a straight inverter at the full 
capacity of the transistors, trans¬ 
formers, and rectifiers. 
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I N many applications the optimum 
value of voltage is not available 
from the primary power source. In 
such instances, dc-to-dc converters 
or dc-to-ac inverters may be used 
to provide the desired value of volt¬ 
age. An inverter is used to trans¬ 
form dc power to ac power. If the 
ac output is rectified and filtered to 
provide dc again, the over-all circuit 
is referred to as a converter. The 
purpose of the converter is to change 
the magnitude of the available dc 
voltage. 

BASIC CIRCUIT ELEMENTS 

Power-conversion circuits, both in¬ 
verters and converters, consist basic¬ 
ally of some type of “chopper*\ Fig. 
314(a) shows a simple chopper cir¬ 
cuit. In this circuit, a switch S is 
connected between the load and a 
dc voltage source E. If the switch 
is alternately closed and opened, the 
output voltage across the load will 
be as shown in Fig. 314(b). If the 
on-off intervals are equal, the aver¬ 
age voltage across the load is equal 
to E/2. The average voltage across 
the load can be varied by varying 
the ratio of the on-to-off time of the 
switch, by periodically varying the 
repetition rate, or by a combination 
of these factors. If a filter is added 
between the switch and the load, the 
fluctuations in the output can be 
suppressed, and the circuit becomes 
a true dc-to-dc stepdown trans¬ 
former (or converter). 


x: 


SWITCH 


Tdc SOURCE 


LOAD< 


(a) 






(b) 

"CHOPPED’‘dc 

OUTPUT 


AVERAGE 
dc OUTPUT 


92CS-2625I 


Fig. 314—Simple chopper circuit and 
output-voltage waveform. 

In practice, the switch shown in 
Fig. 314 may be replaced by a power 
transistor or a silicon controlled rec¬ 
tifier (SCR). When a power tran¬ 
sistor is used, the switch is opened 
or closed by application of the ap¬ 
propriate polarity signal to the 
transistor base. The SCR switch can 
easily be closed by application of a 
positive pulse to its gate. Once con¬ 
duction has been initiated, however, 
the gate loses control, and some 
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means must be provided to stop con¬ 
duction and open the switch. 

The design of the transformer is 
an important consideration because 
this component determines the size 
and frequency of the converter (or 
inverter), influences the amount of 
regulation required after the con¬ 
version or inversion is completed, 
and provides the transformation 
ratio necessary to assure that the 
desired value of output voltage is 
delivered to the load circuit. 

Inverters may be used to drive 
any equipment which requires an 
ac supply, such as motors, ac radios, 
television receivers, or fluorescent 
lighting. In addition, an inverter can 
be used to drive electromechanical 
transducers in ultrasonic equipment, 
such as ultrasonic cleaners and sonar 
detection devices. Similarly, convert¬ 
ers may be used to provide the op¬ 
erating voltages for equipment that 
requires a dc supply. 

Transistor and SCR inverters can 
be made very light in weight and 
small in size. They are also highly 
efficient circuits and, unlike their 
mechanical counterparts, have no 
moving components. 


TRANSISTOR INVERTERS 
AND CONVERTERS 

Several types of transistor circuits 
may be used to convert a steady-state 
dc voltage into either an ac voltage 
(inversion) or another dc voltage 
(conversion). The simplest converter 
circuit is the blocking-oscillator, or 
ringing-choke, power converter 
which consists of one transistor 
and one transformer. More complex 
circuits use two transistors and one 
or two transformers. 

Basic Design Considerations 

The design of practical inverter 
(or converter) circuits involves, es¬ 
sentially, selection of the proper 
transistors and design of the trans¬ 
formers to be used. The particular 
requirements for the transistors and 
transformers to be used are speci¬ 
fied by the individual circuit design. 
Basic transistor and transformer 
requirements of ringing-choke and 
push-pull transformer-coupled in¬ 
verter circuits for a variety of volt¬ 
age and power levels are given in 
Tables XXXII and XXXIII. 


Table XXXII—Typical Design Parameters For Ringing-Choke-Type 
DC-To-DC Converters That Have Output Ratings Up To 50 Watts. 



APPLICATION 



TRANSISTOR 


TRANSFORMER-CORE 

CIRCUIT 


REQUIREMENTS 


REQUIREMENTS 


PARAMETERS 

EFFICIENCY 


Max. 

DC 

Max. 

Min. 

Min. 

Min. 

Area 

Length 

li 

Factor 

Pout 

Yout 

V in 

Rsat 

VcB(max) 

Ic(pl() 

Pd* 

A 

V 

(W) 

(V) 

(V) 

(n) 

(V) 

(A) 

(W) 

(cin2) 

(cm) 



250 

6-10 

5 

25 

0.5 

0.1 




1 

500 

10-15 

10 

35 

0.4 

0.08 

0.5-1.5 

2.5-10 

0.75 


750 

15-20 

20 

45 

0.3 

0.07 





250 

6-12 

1 

30 

3 

1.5 

0.5-5 

2.5-12 

0.75 

5 

500 

12-20 

2 

45 

2 

1 





750 

20-28 

8 

60 

1 

0.5 

0.5-5 

2.5-12 

0.7 


300 

6-12 

0.8 

30 

6 

3 




10 

500 

12-18 

1 

45 

4 

2 

1-7.5 

2.5-15 

0.7 


750 

18-28 

1.2 

60 

2 

1 





400 

10-18 

0.5 

45 

10 

10 




25 

600 

18-26 

0.8 

60 

6 

5 

1-10 

5-15 

0.65 


750 

26-36 

1 

80 

3 

2 




50 

500 

750 

12-24 

24-36 

0.5 

0.5 

60 

80 

15 

8 

20 

7.5 

2-15 

7.5-20 

0.6 


* Case or Flange Temperature = 55°C. 
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Table XXXIII—Design Data for Push-Pull, Transformer-Coupled 
DC-to-DC Converters. 

APPLICATION TRANSISTOR TRANSFORMER-CORE CIRCUIT 

REQUIREMENTS REQUIREMENTS PARAMETERS EFFICIENCY 



Max. 

DC 

Max. 

Min. 

Min. 

Pout 

Vout 

Vln 

Rsat 

VcB(max) 

Ic(pk) 

(W) 

(V) 

(V) 

(O) 

(V) 

(A) 

2 

250 

6-12 

2 

30 

0.5 

500 

12-20 

4 

45 

0.4 

10 

400 

12-18 

1.5 

45 

2 

600 

18-28 

3 

60 

1 

25 

400 

12-18 

1 

45 

5 

600 

18-28 

2 

60 

3 


250 

8-18 

0.5 

45 

12 

50 

500 

18-28 

0.8 

60 

8 


800 

28-38 

1 

80 

5 


400 

12-18 

0.5 

45 

18 

100 

600 

18-28 

0.5 

60 

10 


800 

28-38 

0.5 

80 

7.5 


400 

12-24 

0.2 

60 

20 

200 

600 

24-36 

0.2 

80 

15 


800 

36-48 

0.5 

100 

10 

* Case or Flange Temperature 

= 55'* C. 



Special Transistor Requirements— 
The type of transistor selected for 
use in a high-speed converter circuit 
is dictated by the following condi¬ 
tions : 

1. In a high-speed converter, the 
peak value of the collector-to-emitter 
voltage of each transistor is equal 
to twice the supply voltage plus the 
amplitude of the voltage spikes gen¬ 
erated by transient elements. There¬ 
fore, the collector-to-emitter break¬ 
down voltage VcEo of the transistors 
should be slightly greater than twice 
the supply voltage (usually an addi¬ 
tional 20 per cent is sufficient). 

2. The transistors must be capable 
of handling the currents necessary 
to produce the required output power 
at the given supply voltage, and 
their saturation voltage at these 
currents must be low enough so that 
the high efficiency desired can be 
obtained. 

3. The junction-to-case thermal 
resistance of the transistors ^j-c 
must be low enough so that the 
manufacturer’s maximum ratings, 
for the given ambient temperature 
and the available heat sink and 
cooling apparatus, are not exceeded. 

Table XXXIV indicates the oper¬ 


Min. 

Area 

Length 

FACTOR 

Pd* 

A 

li 

V 

(W) 

(cm2) 

(cm) 


0.1 

0.075 

0.5-4 

2.5-10 

0.85 

1 

0.5 

0.5-5 

2.5-10 

0.85 

3 

1.5 

1.5 

5-15 

0.85 

10 




5 

2-7.5 

7.5-20 

0.85 

2 




15 




10 

3-12 

10-25 

0.85 

5 




25 




15 

5-15 

15-35 

0.8 

10 

7.5-20 

2040 

0.75 


ating frequency range and the peak 
current and voltage capabilities of 
RCA power transistors recom¬ 
mended for use in inverter or con¬ 
verter applications. 

Current and dissipation ratings: 
The maximum collector current, the 
dissipation, and the heat-sink 
thermal resistance of the transistors 
can be approximated on the basis 
of these limiting conditions as fol¬ 
lows: 

The maximum collector current Ic 
is approximately given by 

Ic = Pout 7?/ [Vs — VcE(sat)] 

where Vs is the supply voltage, 
VcE(sat) is the transistor collector- 
to-emitter saturation voltage (for 
a specific Ic), Pout is the required 
power output, and -q is the desired 
efficiency of the output transformer 
(usually 90 to 95 per cent). 

The transistor dissipation can be 
approximated as follows (because 
the base dissipation is very small, 
it is neglected in this approxima¬ 
tion) : 

Pd — (Ti/T) (VcE(sat) Ic -}- 2IceX Vs) 
+ [(ton-f tf)/T] (VsIc/3) 

where Vs is the supply voltage. 
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Table XXXiV—RCA Power Transistors (N-P-N and P-N-P Types) 
for Inverter or Converter Service 


■i 

Peak Voltage 
Required 

Up to 0.2 A 

0.2 to 1 A 

1 to 4 A 

4 to 20 A 

>20 A 


10 to 60 V 

2N3053 

2N4037* 

2N5321* 

2N5323 

2N6179 

2N6181* 

2N3054 

2N5497^ 

2N3055 

2N3772 

— 

60 Hz to 50 kHz 

60 to 150 V 

2N1486 

2N2102 

2N4036* 

2N1486 

2N3441 

2N5298 

2N5781® 

2N5784 

2N3442 

2N3879 

2N5293^ 

2N5954® 

2N3265 

,2N3773 

2N5039 

2N5672 

2N6248* 

2N5671 

2N6032 


150 to 450V 

2N3440 

2N5416* 

2N6177^ 

— 

2N3585 

2N6212® 

40850 

40851 

2N5805 2N5840 
2N6251 410 

411 413 

423 40852 

431 40853 

40854 

— 


® P-N-P types Vpeak = VcEx value Vpeak = 11 V (Vcc) for push-pull inverters 

^ Plastic-packaged types = 1.1 V (Vcc) for bridge inverters 


V CB(sat) is the transistor saturation 
voltage (for a specific Ic); Ic is the 
collector current, as given in the 
preceding equation; Icex is the col¬ 
lector current with the base reverse- 
biased (for VcE = 2Vs); ton is the 
transistor “turn-on” time [at Ic 
given by Eq. (354) and h^E given 
in step 4 of the general procedure]; 
tf is the transistor “fall” time; T is 
the period reciprocal of the operat¬ 
ing frequency; and Ti = [T — 

(ton “1“ tf) ] . 

The equation for Pd given above 
is used as a guide for the first stages 
of design; the exact dissipation is 
determined experimentally. The 
transistor saturated-switching char¬ 
acteristics must be fast enough to 
prevent the transient dissipation 
from becoming excessive. 

The required heat-sink thermal 
resistance may be approximated by 
the following equation: 

^C-A — (AT/Pd) — ^J-C 

where AT is the permissible junction 
temperature rise (AT = Tj(max) — 
Ta) ; Pd is the transistor dissipa¬ 
tion ; and tfc-A is the case-to-air 
thermal resistance, including mount¬ 


ing, interface, any insulation ma¬ 
terial, and heat sink. 

The estimate of the required heat¬ 
sink thermal resistance, together 
with the manufacturer's maximum 
rating curve or safe operating re¬ 
gion, completes the determination of 
transistor requirements. 

Second-breakdown considerations: 
A high-speed, high-power inverter 
requires transistors that have high 
power-handling capabilities and very 
fast saturated-switching speeds. Re¬ 
verse-bias second breakdown (which 
is discussed in an earlier section of 
this Manual) is a factor that must 
also be considered in the design of 
these circuits. 

Reverse-bias second breakdown 
can be analyzed as follows: During 
the turn-off time toff, the transistor 
is subjected to high energy as a re¬ 
sult of energy stored in the output- 
transformer leakage inductance. 
This leakage inductance can be made 
small by careful winding of the 
transformer to obtain close coupling. 
An approximation of the value of 
leakage inductance can be obtained 
by measuring the inductance of one- 
half the primary with the other half 
of the primary short-circuited. 
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Transformer Considerations—The 
selection of the proper core material 
in the design of a transformer to 
be used in an inverter depends on 
the power-handling requirements, 
operating frequency, and operating 
temperature of the inverter. For 
high-frequency applications, the fer¬ 
rite core is superior to the iron type 
in both performance and economy. 
Even at low frequencies, ferrite 
cores may be more economical be¬ 
cause the iron type must be made 
in thin laminations or in the form 
of a tape-wound toroid. 

Power loss in ferrite is approxi¬ 
mately a linear function of fre¬ 
quency up to 40 kHz. Above this 
frequency, eddy-current losses de¬ 
crease the efficiency of most ferrites. 
Laminated iron cores are normally 
restricted to frequencies below 10 
kHz. Table XXXV indicates opti¬ 
mum core materials for different op¬ 
erating frequencies. 

The operating temperature of the 
transformer is an important consid¬ 
eration in the choice of the particu- 


Table XXXV—Optimum Core 
Materials For Different 
Operating Frequencies. 

Transformer Operating 

Material Frequency 

(kHz) 

Ferrite 1-20 

Silicon Iron 

(Grain-Oriented) 0.1-1 

Silicon Steel 0.1-1 


lar ferrite core. For many ferrite 
cores, the Curie temperature is low. 
The manufacturer’s data on ferrite 
material indicate the maximum op¬ 
erating temperature which, together 
with the variation in flux density 
as a function of temperature and 
the desired flux density (B), must 
be considered to select the proper 
core. 

Another important consideration 
is the efficiency of the transformer. 
The transformer efficiency desired 
can be used to obtain an approxi¬ 


mation of allowable magnetic power, 
Pm, dissipated by the transformer. 
When Pm and the core loss factor 
are known, the maximum volume of 
core material which can be used is 
estimated. The core loss factor at 
the operating frequency is obtained 
from the manufacturer’s data. 

The remaining design considera¬ 
tions follow the conventional rules 
of transformer design. The size of 
the wire must be large enough to 
assure that copper losses are low. 
The selection is made on the basis 
of a 50-per-cent duty cycle. If the 
wire size is too small, copper losses 
will be appreciable and cause an 
increase in core temperatures. In 
high-power, high-frequency invert¬ 
ers, a large number of turns in the 
primary should be avoided to mini¬ 
mize copper losses and maintain a 
low value of leakage inductance. 
Moreover, because of the relatively 
small size of the core and the large 
size of wire that must be used, a 
large number of turns may be physi¬ 
cally impossible. Good balance and 
close coupling between primaries is 
normally achieved by the use of 
bifllar windings. 

Additional Considerations—Other 
factors, such as starting-bias meth¬ 
ods, the use of voltage-multiplication 
techniques, and maximum operating 
temperature, may also require con¬ 
sideration in the design of practical 
inverters or converters. Excellent 
starting under heavy load conditions 
may be obtained by the use of a tran¬ 
sistor-type switch which will provide 
a large starting bias and then be cut 
off by the buildup of the output volt¬ 
age. It is also possible to obtain 
satisfactory starting by the use of 
a fixed bias resistance, provided the 
value of this resistance is high 
enough so that it does not materially 
affect normal switching. Such tech¬ 
niques are explained subsequently in 
the discussion of the specific circuit 
types in which they are required. 

For dc output voltages higher than 
those given in the particular design, 
a voltage-multiplier-type rectifier 
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circuit may be used to avoid use of 
larger transformer step-up ratios. 
Although the use of a voltage-mul¬ 
tiplier circuit results in a reduction 
in over-all efficiency, this condition 
may be more acceptable than one 
which results in higher copper 
losses, magnetic-coupling problems, 
and higher core losses that may re¬ 
sult from the use of higher trans¬ 
former step-up ratios. 

The transistor requirements given 
in Tables XXXII through XXXIII 
are for operation at a case or flange 
temperature of 55®C. To relate case 
or flange temperature to ambient 
temperature, it is necessary to know 
the thermal resistance between the 
transistor and free air. This re¬ 
sistance is a function of the contact 
resistance between the transistor 
case or flange and the chassis; the 
thermal resistance of any insulating 
washer used; the size, thickness, and 
material of the chassis; and the 
method used to cool the chassis (for 
example, forced-air cooling, water 
cooling, or simple convection cool¬ 
ing). 

To assure reliable operation at 
any permissible ambient tempera¬ 
ture, care must be taken that the 
collector-junction temperature of the 
transistor is not greater than that 
specified by the manufacturer. The 
average temperature of the junction 
Tj(av) is equal to the ambient tem¬ 
perature plus the product of the 
average power dissipated in the 
transistor and the thermal resistance 
between junction and case plus the 
case-to-air thermal resistance as in¬ 
dicated by the following equation: 

Tj(AV) — Ta -h PaV ^J-C -j- ^C-A 

The average junction temperature 
calculated by use of the above equa¬ 
tion is equivalent to the effective 
case temperature Tc(eff) usually 
given on transistor safe-area-rating 
charts. The effects of switching on 
the instantaneous temperature must 
be evaluated by use of standard safe- 
area techniques, as described earlier 


in the section on Low- and Medium- 
Frequency Power Transistors. 


Ringing-Choke Converter 

In the ringing-choke type of dc- 
to-dc converter, a blocking oscillator 
(chopper circuit) is transformer- 
coupled to a half-wave rectifier type 
of output circuit. The rectifier con¬ 
verts the pulsating oscillator output 
into a fixed-value dc output voltage. 

When the oscillator transistor con¬ 
ducts (as a result of either a for¬ 
ward bias or external drive), energy 
is transferred to the collector in¬ 
ductance presented by the primary 
winding of the transformer. The 
voltage induced across the trans¬ 
former is fed back (from a separate 
feedback winding) to the transistor 
base through a resistor. This volt¬ 
age increases the conduction of the 
transistor until it is driven into 
saturation. A rectifier diode in series 
with the secondary winding of the 
transformer is oriented so that no 
power is delivered to the load circuit 
during this portion of the oscillator 
cycle. 

Fig. 315(a) shows the basic con¬ 
figuration for a practical ringing- 
choke converter, which is basically 
a one-transistor, one-transformer 
circuit. Fig. 315(b) shows the wave¬ 
forms obtained during an operating 
cycle. 

During the ‘^on” or conduction 
period of the transistor (t on), en¬ 
ergy is drawn from the battery and 
stored in the inductance of the 
transformer. When the transistor 
switches off, this energy is delivered 
to the load. At the start of ton, the 
transistor is driven into saturation, 
and a substantially constant voltage, 
waveform A in Fig. 315(b), is im¬ 
pressed across the primary by the 
battery. This primary voltage pro¬ 
duces a linearly increasing current 
in the collector-primary circuit, 
waveform B. This increasing cur¬ 
rent induces substantially constant 
voltages in the base windings, shown 
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by waveform C, and in the secondary 
winding. 

PRIMARY 



(a) 



Fig. 315 — Ringing-choke converter circuit: 
(a) Schematic diagram; (b) Typical operat¬ 
ing waveforms in a ringing-choke converter 
■ — (A) primary voltage; (B) primary current; 
(C) base-to-emitter voltage; (D) secondary 
current; (E) magnetic flux in transformer 
core. 

The resulting base current is sub¬ 
stantially constant and has a maxi¬ 
mum value determined by the base¬ 
winding voltage, the external base 
resistance Rb, and the input con¬ 
ductance of the transistor. Because 
the polarity of the secondary volt¬ 


age does not permit the rectifier 
diode to conduct, the secondary is 
open-circuited. Therefore, during the 
conduction period of the transistor 
ton, the load is supplied only by en¬ 
ergy stored in the output capacitor 
CoUT- 

The collector-primary current in¬ 
creases until it reaches a maximum 
value Ip which is determined by the 
maximum base current and base 
voltage supplied to the transistor. 
At this instant, the transistor starts 
to move out of its saturated condi¬ 
tion with the result that the collec¬ 
tor-primary current and the voltage 
across the transformer windings 
rapidly decrease, and “switch-off” 
occurs. 

After the transistor has switched 
off, the circuit starts to “ring”, i.e., 
the energy stored in the transformer 
inductance starts to discharge into 
the stray capacitance of the circuit, 
with the result that the voltages 
across the primary, base, and sec¬ 
ondary windings reverse polarity. 
These reverse voltages rapidly in¬ 
crease until the voltage across the 
secondary winding exceeds the volt¬ 
age across the output capacitor. At 
this instant the diode rectifier starts 
to conduct and to transfer the energy 
stored in the inductance of the trans¬ 
former to the output capacitor and 
load. Because the output capacitor 
tends to hold the secondary voltage 
substantially constant, the second¬ 
ary current decreases at a substan¬ 
tially constant rate, as shown by 
waveform D in Fig. 315(b). When 
this current reaches zero the transis¬ 
tor switches on again, and the cycle 
of operation repeats. 

The operating efficiency of the 
ringing-choke inverter is low, and 
the circuit, therefore, is used pri¬ 
marily in low-power applications. 
In addition, because power is de¬ 
livered to the output circuit for only 
a small fraction of the oscillator 
cycle (i.e., when the transistor is 
not conducting), the circuit has a 
relatively high ripple factor which 
substantially increases output fil¬ 
tering requirements. This converter. 
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however, provides definite advan¬ 
tages to the system designer in terms 
of design simplicity and compact¬ 
ness. 

Push-Pull Transformer-Coupled 
Inverters and Converters 

The push-pull switching inverter 
is probably the most widely used 
type of power-conversion circuit. 
For inverter applications, the circuit 
provides a square-wave ac output. 
When the inverter is used to provide 
dc-to-dc conversion, the square-wave 
voltage is usually applied to a full- 
wave bridge rectifier and filter. A 
single saturable transformer con¬ 
trols circuit switching and provides 
the desired voltage transformation 
to the bridge rectifier. The rectifier 
for the square-wave output delivered 
and filter convert the square-wave 
voltage into a smooth, fixed-ampli¬ 
tude dc output voltage. 

Two-Transistor, One-Transformer 
Converter—Fig. 316 shows a push- 
pull, transformer-coupled, dc-to-dc 
converter that uses one transformer 
and two transistors. Fig. 317 shows 
the waveforms obtained from this 
circuit during one complete operat¬ 
ing cycle. 


During a complete cycle, the flux 
density in the transformer core 
varies between the saturation value 
in one direction and the saturation 
value in the opposite direction, as 
shown by waveform A in Fig. 317. 
At the start of the conduction period 
for one transistor, the flux density 
in the core is at either its maximum 
negative value (—Bsat) or the maxi¬ 
mum positive value (-j-Bsat). 

For example, transistor A switches 
on at —Bsat. During conduction of 
transistor A, the flux density 
changes from its initial level of 
—Bsat and becomes positive as en¬ 
ergy is simultaneously stored in the 
inductance of the transformer and 
supplied to the load by the battery. 
When the flux density reaches -|-Bsat, 
transistor A is switched off and 
transistor B is switched on. The 
transformer assures that energy is 
supplied to the load at a constant 
rate during the entire period that 
transistor A conducts. This energy- 
transformation cycle is repeated 
when transistor B conducts. 

Initially, sufficient bias is applied 
to saturate transistor A. As a re¬ 
sult, a substantially constant volt¬ 
age, waveform B in Fig. 317, is im¬ 
pressed across the upper half of the 
primary winding by the dc source 



Fig. 316 — Two-transistor, one-transformer push-pull switching converter. 
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ViN. This bias voltage can be a tem¬ 
porary bias, a small fixed bias, or 
even a small forward bias developed 
across the bias winding as a result 
of leakage and saturation current 
flowing in the transformer primary. 
The constant primary voltage causes 
a dc component and a linearly in¬ 
creasing component of current, 
waveform C in Fig. 317, to flow 



Fig. 317—Typical operating waveforms for 
a two-transistor, one-transformer switching 
converter: (A) flux density in transformer 
core; (B) collector voltage of one transis¬ 
tor; (C) collector current of one transistor; 
(D) base voltage of one transistor; (E) 
primary current; (F) secondary current. 


through transistor A. As in the ring¬ 
ing-choke converter, the linearly in¬ 
creasing primary current induces 
substantially constant voltages, 
waveform D in Fig. 317, in the base 
winding and secondary winding. The 
induced voltage in the base winding 
limits the maximum value of the 
base current and, therefore, of the 
collector current. 

In the push-pull transformer- 
coupled converter, the transition to 
switch-off is initiated when the 
transformer begins to saturate. As 
long as the transistor is not satu¬ 
rated, the product of the transformer 
inductance and the time rate of 
change of the collector current re¬ 
mains constant. When the trans¬ 
former core saturates, however, the 
inductance decreases rapidly toward 
zero, with the result that the time 
rate of change of the collector cur¬ 
rent increases towards infinity. When 
the collector current reaches its 
maximum value, transistor A moves 
out of saturation and the winding 
voltages decrease and then reverse 
and thereby cause transistor A to 
switch off. The reversal of the wind¬ 
ing voltages switches transistor B 
on, and the switching operation is 
repeated. 

Fig. 318 shows the circuit sche- 



Fig. 318—Schematic diagram of 13.6-to¬ 
ll 0-volt transformer-coupled push-pull 
converter. 
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matic and Fig. 319 shows the per¬ 
formance curves for the 13.6-to-llO- 
volt converter. 



92CS-26I84 

Fig. 319—Output voltage and efficiency 

as a function of power output for the 
converter circuit shown in Fig. 318. 

Two-Transistor, Two-Transformer 
Inverters—There are three basic 
disadvantages associated with the 
two-transistor, one-transformer in¬ 
verter. First, the peak collector cur¬ 
rent is independent of the load. This 
current, therefore, depends on the 
available base voltage, the gain of 
the transistor, and the input charac¬ 
teristic of the transistor. Second, 
because of the dependence of the 
peak current on transistor charac¬ 
teristics, the circuit performance 
depends on the particular transistor 
used because there is a wide spread 
in transistor characteristics. Third, 
the transformer, which is relatively 
large, must use expensive square- 
loop material and must have a high 
value of flux density at saturation. 
These disadvantages can be over¬ 
come by the use of two transformers 
in various circuit arrangements, 
such as that shown in Fig. 320. 

In this type of circuit, a saturable 
base-drive transformer Ti controls 
the inverter switching operation at 
base-circuit power levels. The 
linearly operating output trans¬ 
former transfers the output power 
to the load. Because the output 
transformer T 2 is not allowed to 
saturate, the peak collector current 


^fb 
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Fig. 320 — Two-transistor, two-transformer 
push-pull switching inverter. 

of each transistor is determined 
principally by the value of the load 
impedance. This feature provides 
high circuit efficiency. The operation 
of the inverter circuit is described 
as follows: 

It is assumed that, because of a 
small unbalance in the circuit, one 
of the transistors, Qi for example, 
initially conducts more heavily than 
the other. The resulting increase in 
the voltage across the primary of 
output transformer T 2 is applied to 
the primary base-drive transformer 
Ti in series with the feedback re¬ 
sistor Rfb. The secondary windings 
of transformer Ti are arranged so 
that transistor Qi is driven to satu¬ 
ration. As transformer Ti saturates, 
the rapidly increasing primary cur¬ 
rent causes a greater voltage drop 
across feedback resistor Rfb. This 
increased voltage reduces the voltage 
applied to the primary of trans¬ 
former Ti; thus, the drive input and 
ultimately the collector current of 
transistor Qi are decreased. 

In the circuit arrangement shown 
in Fig. 320, the base is driven hard 
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compared to the expected peak col¬ 
lector current (forced beta of ten, 
for example). If the storage time 
of the transistor used is much longer 
than one-tenth of the total period 
of oscillation T, the transistors be¬ 
gin to have an appreciable effect on 
the frequency of operation. In Fig. 
320, the storage time could conceiv¬ 
ably be quite long because there is 
no turn-off bias (the drive voltage 
only decreases to zero) for Qi until 
the collector current of Qi begins to 
decrease. 

Two methods of overcoming this 
problem by decreasing the storage 
time are shown in Fig. 321. In Fig. 
321(a), a capacitor is placed in 
parallel with each base resistor Rb. 
When Vs is positive, the capacitor 
charges with the polarity shown. 
When Vs decreases to zero, this ca¬ 
pacitor provides turn-off current for 
the transistor. In Fig. 321(b), a 
feedback winding from the output 
transformer is placed in series with 
each base. The base-to-emitter volt¬ 
age Vbk is then expressed as follows: 

Vbe = Vs - Vri, - Vt 

If Vs decreases to zero and the col¬ 
lector current does not begin to de¬ 
crease, then the base-to-emitter volt¬ 
age is expressed simply by 

Vbe = Vrb - Vt 

A turn-off bias is thus provided to 
decrease the collector current. 

The energy stored in the output 
transformer by its magnetizing cur¬ 
rent is sufficient to assure a smooth 
changeover from one transistor to 
the other. The release of this stored 
energy allows the inverter-circuit 
switching to be accomplished without 
any possibility of a “hang-up” in the 
crossover region during the short 
period when neither transistor is 
conducting. 

The operation of the high-speed 
converter is relatively insensitive to 
small system variations that may 
cause slight overloading of the cir¬ 


cuit. Under such conditions, the 
base power decreases; however, this 
loss is so small that it does not 
noticeably affect circuit perform¬ 
ance. At the same time, the amount 
of energy stored in the output 
transformer also increases. Although 
this increase results in a greater 
transient dissipation, the inverter 
switching is still effected smoothly. 

A practical design of the high¬ 
speed converter should include some 
means of initially biasing the tran¬ 
sistors into conduction to assure that 
the circuit will always start. Such 
starting circuits, as described later, 
can be added readily to the con¬ 
verter, and are much more reliable 
than one which depends on circuit 
imbalance to shock the converter 
into oscillation. 


Feedback Resistance—The value 
of feedback resistance Rfb is com¬ 
puted as the resistance required to 
produce the difference in voltage 
that should exist between the collec- 
tor-to-collector voltage of the two 
transistors and the voltage applied 
to the primary of transformer Ti 
at a given primary current Iprii. 
The optimum value of the feedback 
resistor is then determined experi¬ 
mentally. A decrease in the value 
of Rfb increases the loss that re¬ 
sults from the circuit resistance and 
that in the transformer core be¬ 
cause the magnetizing current in¬ 
creases. The voltage across the 
primary of the transformer then in¬ 
creases and the operating frequency 
increases. An increase in the value 
of Rfb causes a greater voltage drop 
across this resistance, and less volt¬ 
age is then available to the primary 
of transformer Ti; therefore, the 
frequency decreases. Thus, Rfb can 
be used to control frequency over 
a limited range only. 

Starting Circuits—The circuits 
shown in Figs. 320 and 321 will not 
necessarily begin to oscillate, espe¬ 
cially under a heavy load. As a re¬ 
sult, a starting bias must be applied 
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Fig. 321 — Two~transistor, two-transformer push-pull switching inverters in which 
transistor-storage times are reduced: (a) Capacitor in parallel with each base resistor 
assures rapid turn-off of associated transistor; (b) Feedback winding from output trans¬ 
former in series with base of each transistor assures sharp cutoff characteristics. 


SO that the circuit has a loop gain 
greater than unity and is always 
capable of initiating oscillation. 
This bias arrangement can be such 
that it is connected only during 
starting, or can be connected perma¬ 
nently within the circuit. Two prac¬ 
tical starting circuits are described 
in the following paragraphs. 

Fig. 322 shows an inverter that 
uses a resistive voltage-divider net¬ 
work to supply the necessary start¬ 
ing bias. With this circuit, a com¬ 
promise of reliable starting and 


tolerable bleeder current must be 
reached. 

Fig. 323 shows a diode starting 
circuit in which the bases of the two 
inverter transistors are supplied by 
a resistance Ri, which is determined 
as follows: 

Ri — Vcc/2Ib 

As the inverter begins to oscillate, 
the base current is conducted 
through the base-emitter diode and 
through the forward direction of 
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the starting diode. Usually, addi¬ 
tional drive is needed to compensate 
for the diode voltage drop. Low- 
voltage silicon diodes capable of 
carrying the base current continu¬ 
ously are normally used. 



Fig. 322 — Two-transistor, two-transformer 
push-pull inverter that uses a resistive 
voltage-divider network to provide starting 
bias. 



Fig. 323 — Two-transistor, two-transformer 
push-pull inverter that uses a diode starting 
circuit. 


250-Watt, 50-kHz Converter—Fig. 
324 shows a schematic diagram for 
a 250-watt, 50-kHz two-transistor, 
two-transformer push-pull converter. 
The leakage inductance of the out¬ 
put transformer, as measured on a 
Q meter, is about 0.5 microhenry. 
The peak collector current is calcu¬ 
lated to be about 10 amperes, and 
the reverse base-to-emitter bias 
voltage is about —2 volts. The 
2N3265 transistor has an assured 
capability to withstand second 
breakdown at currents in excess of 
10 amperes for a collector inductance 
of 90 microhenries and a reverse 
bias of 6 volts. The published data 
on the 2N3265 indicate that a reduc¬ 
tion in bias voltage or in collector 
inductance allows the transistor to 
handle larger amounts of reverse- 
bias energy. The operating condi¬ 
tions for the output transformer are 
well within the safe area. Both 
transformers should be constructed 
with a minimum of tape to provide 
as much surface area as possible to 
ensure a low core temperature. 

Fig. 325 shows the output charac¬ 
teristics of the converter as a func¬ 
tion of the load. The output charac¬ 
teristics were measured at the load 
at the output terminals of the recti¬ 
fier bridge. Thus, the efficiency 
shown represents the total circuit 
efficiency. The range of values in¬ 
dicated on the efficiency curve (i.e., 
82 to 88 per cent) takes into ac¬ 
count the transistor dissipation, 
transformer losses, rectifier-bridge 
losses, and all other circuit IR losses. 

Fig. 326 shows the experimental 
transistor load line for a load re¬ 
sistance of 25.6 ohms and a supply 
voltage of 28 volts. The area en¬ 
closed by the load line shows that 
high dissipation occurs during 
switching. This area is decreased 
somewhat when loads having a small 
capacitive reactance are used. 

Fig. 327 shows the collector cur¬ 
rent and voltage waveforms. The 
collector-current waveform exhibits 
the transformer saturation current. 
The collector-voltage waveform ex- 
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hibits the voltage spikes resulting tor current on an expanded time 
from the transformer leakage in- scale to illustrate the current rise 
ductance. Fig. 328 shows the collec- and fall times. 


TZ 


TRANSFORMER CORE MATERIALS: 
T,—ALLEN-BRADLEY TYPE 
T0620HI0IA, OR EQUIV. 
T2-ALLEN-BRADLEY TYPE 
U2625CI33A, OR EQUIV. 
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Fig. 324—Schematic diagram of 250-watt, 50-kHz push-pull dc-to-dc converter. 





Fig. 325—Output characteristics (i.e., frequency, efficiency, voltage, and power) of the 
250-watt converter as a function of the load. 
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Fig. 326—Experimental load line for the 
2N3265 transistor using a load impedance 
of 25.6 ohms and a supply voltage of 28 
volts. 



92CS-26I92 

Fig. 327 — Collector-current and voltage 
waveforms for the 2N3265 transistors used 
in the 250-watt converter. 
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Fig. 328 — Collector-current rise and fall 
times. 


Four-Transistor Bridge Inverters 
—Fig. 329 shows a four-transistor, 
single-transformer bridge configura¬ 
tion that is often used in inverter or 
converter applications. In this type 
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Fig. 329—Basic circuit configuration of 
a four-transistor, single-transformer 
bridge inverter. 

of circuit, the primary winding of 
the output transformer is simpler 
and the breakdown-voltage require¬ 
ments of the transistors are reduced 
to one-half those of the transistors 
in the push-pull converter shown in 
Fig. 316. 

The separate saturable-trans- 
former technique may also be applied 
in the design of a bridge converter, 
as shown in Fig. 330. 

SATURABLE 



92CS-26I95 

Fig. 330—Basic configuration of a four- 
transistor bridge inverter that uses a 
saturable output transformer. 
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Three-phase bridge inverters for 
induction motors are usually used 
to convert dc, 60-Hz, or 400-Hz input 
to a much higher frequency, pos¬ 
sibly as high as 10 kHz. Increasing 
frequency reduces the motor size 
and increases the horsepower-to- 
weight ratio, desirable features in 
military, aviation, and portable in¬ 
dustrial power-tool markets. Fig. 
331 shows a typical three-phase 
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Fig. 331 — Three-phase bridge inverter: (a) 
circuit configuration; (b) base driving sig¬ 
nals; (c) transformer primary current 
switching. 


bridge circuit with base driving sig¬ 
nals and transformer primary cur¬ 
rents. 


SCR INVERTERS 

SCR inverters offer an efficient 
and economical method for conver¬ 
sion of direct current to alternating 
current. In the design of an SCR 
inverter, the fact that the SCR is 
basically a “latching^’ device must 
be considered. Anode current can 
be initiated at any time by applica¬ 
tion of a signal of the proper polar¬ 
ity to the gate. However, the gate 
loses control as soon as conduction 
begins, and current continues to 
flow, regardless of any gate signal 
which may be applied, as long as the 
anode remains positive. Special cir¬ 
cuitry is required to turn off the 
SCR at the proper time. 


Commutation of Inverter SCR’s 

Circuits that are used to turn off 
an SCR are commonly called com¬ 
mutating circuits. The commutating 
circuit normally bypasses the load 
current around the SCR for a time 
sufficiently long to permit the SCR 
to recover its forward-blocking capa¬ 
bility. 

Parallel-Capacitor Commutation— 
One of the simplest methods for 
commutation of an SCR in an in¬ 
verter circuit is by use of a capaci¬ 
tor connected in parallel with the 
load, as shown in Fig. 332. If the 
switch S is open at the time the 
SCR is triggered by a pulse applied 
to its gate, the negative terminal of 
capacitor C will be connected to the 
negative terminal of the supply 
voltage. Capacitor C then charges 
at an exponential rate through re¬ 
sistor R toward the dc supply volt¬ 
age. When the switch is closed, 
capacitor C will be connected be¬ 
tween anode and cathode of the 
SCR in a polarity such that it pro¬ 
vides a negative anode voltage for 
the SCR. Load current is then di- 
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verted throug'h the capacitor, and 
the SCR turns off. The capacitance 
and the voltage to which it is 
charged must be sufficient to bypass 
the load current around the SCR 
for the time required for the SCR 
to recover its forward-blocking 
capability. 

In an actual circuit, the switch 
S shown in Fig. 332 is replaced by 
a second SCR, as shown in Fig. 333. 
The resultant circuit is the familiar 
single-phase capacitor-commutated 
inverter. Capacitor C alternately 
commutates SCRi and SCR 2 . I’he 
inductor limits the current that flows 
into C during the charging intervals 
in a manner similar to that of re¬ 
sistor R in Fig. 332, but without 
the PR losses that occur in a re¬ 
sistor. 



Fig. 332 — Parallel-capacitor type of SCR 
commutation circuit. 



Fig. 333 — Single-phase capacitor-com¬ 
mutated SCR inverter. 


Series-Capacitor Commutation—A 
basic series-capacitor-commutated 
circuit is shown in Fig. 334. In 



Fig. 334—Basic series-capacitor type of 
SCR commutation circuit. 

this circuit, commutation is achieved 
through the action of a capacitor 
connected in series with the load. 
When the SCR is turned on by a 
positive pulse applied to its gate, 
inductor L and capacitor C are con¬ 
nected in series with the load to 
the supply voltage. The inductor L 
and the capacitor C form a series 
resonant circuit. Current through 
this resonant circuit (and the SCR) 
builds up sinusoidally to a maxi¬ 
mum, decreases to zero, and then at¬ 
tempts to reverse. When the current 
attempts to reverse, the SCR turns 
off, and reverse voltage is main- 



Fig. 335—Basic series-capacitor-commu¬ 
tated SCR inverter. 
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tained across it by the charge on 
capacitor C. With the configuration 
shown in Fig. 334, a recurrent wave¬ 
form cannot be maintained because 
capacitor C will be charged to a 
voltage equal to or higher than the 
supply voltage, and the SCR can 
never be forward-biased after the 
initial conduction period has ceased. 
Fig. 335 shows a more practical cir¬ 
cuit for use as an inverter. 



(a) 
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Fig. 336 — Series-capacitor-commutated SCR 
inverter that uses an inductor to reduce the 
triggering delay. 





In this circuit, SCRi and SCR 2 
are gated on alternately, with suffi¬ 
cient time between gating pulses to 
permit the LC circuit to commutate 
the conducting SCR. When SCRi 
conducts, the voltage across capaci¬ 
tor C rises to some positive value 
above the supply voltage. When 
SCR 2 conducts, the voltage across 
capacitor C falls to some negative 
value below the supply voltage. When 
one SCR is triggered on, forward 
voltage is immediately applied to 
the other SCR. Therefore, sufficient 
delay must be allowed between the 
end of one half-cycle of load cur¬ 
rent and the start of another. This 
delay must be at least equal to the 
turnoff time (tq) of the SCR. The 
required delay in triggering can be 
reduced by the use of an additional 
inductor, as shown in Fig. 336. 

If both SCRi and SCR 2 are in a 
blocking state and capacitor C has 
been charged during the previous 
cycle in such a polarity that the 
terminal connected to the junction 
of Li and L 2 is negative, SCRi is 
immediately triggered into conduc¬ 
tion by application of a positive 
pulse to its gate electrode. The cur¬ 
rent that then flows through inductor 
Li, capacitor C, and the load is a 
half sine-wave pulse, as shown in 
Fig. 335(b). This half sine-wave 
pulse resonantly charges capacitor 
C in the opposite polarity. By the 
end of the current pulse, capacitor 
C is charged to a value higher than 
the supply voltage. Current then at¬ 
tempts to reverse through SCRi. 
Some reverse-recovery current flows 
for a few microseconds, and SCRi 
then reverts to its reverse-blocking 
state (i.e., turns off). Current re¬ 
mains at zero until a gating pulse 
is applied to SCR 2 . When SCR 2 is 
triggered on, capacitor C discharges 
through SCR 2 in a half sine-wave 
pulse. When current attempts to 
reverse, SCR 2 , after a few micro¬ 
seconds of reverse-recovery current, 
reverts to its blocking state, and the 
cycle is repeated. 

In the circuit shown in Fig. 336, 
the current carried by SCR 2 is sup- 
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plied completely by energy stored 
in capacitor C during the period 
when SCRi is conducting. Because 
the objective of the inverter is to 
supply energy to the load, an ar¬ 
rangement that supplies energy from 
the supply on each half-cycle, such 
as shown in Fig. 337 is desirable. 



Fig. 337 — Series-capacitor-commutated SCR 
inverter in which energy from the power 
source is supplied to the load on each half¬ 
cycle of inverter operation. 

In the circuit shown in Fig. 337, 
capacitor C is divided into two equal 
parts. During the half-cycle that 
SCRi conducts, capacitor C2 is 
charged from the supply, and ca¬ 
pacitor Cl is discharged through the 
load. Both the charging current of 
capacitor Co and the discharging 
current of capacitor Ci flow through 
SCRi, inductor Li, and the load. On 
the next half-cycle, a similar action 
takes place, except that SCR2 con¬ 
ducts, capacitor Ci charges from the 
supply, and capacitor C 2 discharges. 
If Cl = C2 and Li =r Lo, one-half 
the load current on each half cycle 
is supplied by the power supply, and 
the other half of the load current 
is supplied by the capacitor being 
discharged. 

If separate inductors are used for 
Li and Lo, the maximum operating 
frequency of the inverter must al¬ 
ways be slightly less than the series 
resonant frequency of LiCi and L2C2. 
However, if Li and L 2 are closely 
coupled on a common core, the op¬ 
erating range of the inverter can be 


extended slightly above the resonant 
frequency of the series LC circuit. 
If Li and L 2 are coupled, when one 
SCR is turned on, the current that 
flows in the reactor associated with 
that SCR induces a voltage in the 
other reactor that reverses the volt¬ 
age on the other SCR and causes it 
to cease conduction. 


Impulse Commutation—If a very 
short pulse is used to briefly reverse 
the voltage on an SCR, the SCR is 
said to be impulse-commutated. The 
pulse must be of sufficient magni¬ 
tude to cause the SCR to stop con¬ 
duction and must be of sufficient 
duration to permit the SCR to re¬ 
cover its forward-blocking capabil¬ 
ity (must provide sufficient turn-off 
time). 

There are three general types of 
impulse commutation. In one type, 
the commutating pulse is generated 
by an SCR that is complementary 
to the SCR being turned off. The 
parallel-capacitor commutation cir¬ 
cuit shown in Fig. 332 is an example 
of complementary impulse-commu¬ 
tation. One disadvantage of such a 
circuit is that if the gating signals 
are lost for any reason, the conduct¬ 
ing SCR will not be turned off, i.e., 
will fail to commutate. In the event 
of such a failure, the conducting 
SCR may be destroyed by excessive 
forward dissipation, unless a fuse 
or circuit breaker opens to remove 
the dc power from the circuit. The 
commutating impulse may also be 
generated automatically through 
some action of the circuit which 
causes it to automatically turn it¬ 
self off after a certain time interval. 
The series-capacitor-commutated cir¬ 
cuits shown in Figs. 335, 336, and 
337 are examples of self impulse- 
commutation. A third type of im¬ 
pulse commutation is one in which 
the commutating impulse is gener¬ 
ated by some auxiliary means, sepa¬ 
rate from the power-generating por¬ 
tion of the inverter. This method is 
called auxiliary-impulse commuta¬ 
tion. 
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Self-impulse commutation: Fig. 
338 shows a basic “chopped” circuit 
in which the commutating impulse 
is generated by action of the circuit. 



Fig. 338—Basic self-impulse-commutated 
SCR inverter. 

When the SCR is off, but load cur¬ 
rent has been established during a 
previous cycle, load current will be 
maintained by La. Because the SCR 
is off, the return path for the load 
current is through the rectifier D. 
During the off time of the SCR, ca¬ 
pacitor C charges through inductors 
Li and La and the load to the sup¬ 
ply voltage E. When the SCR is 
gated on, the voltage at the junc¬ 
tion of inductors Li and La rises im¬ 
mediately to the supply voltage E. 
Rectifier D then becomes reverse- 
biased, and the load current flows 
through the SCR. Capacitor C also 
discharges through inductor Li and 
the SCR in an oscillatory manner 
and reverses its charge within one- 
cycle. After the first half-cycle, the 
current through inductor Li and ca¬ 
pacitor C reverses and causes cur¬ 
rent to flow through the SCR which 
is in a reverse direction from the 
load current. The net current 
through the SCR is then the differ¬ 
ence between the load current and 
the current through Li and C. When 
the current through Li and C equals 
the load current, the SCR current 
becomes zero, and the SCR turns 
off. The voltage remaining on ca¬ 
pacitor C then appears as inverse 
voltage across the SCR. Load cur¬ 
rent continues to flow through C, 
Li, and Lo until C has been charged 


back to the supply voltage E. At this 
time, current through C stops, and 
load current is transferred to the 
rectifier D. The cycle is then re¬ 
peated. 

Fig. 339 shows a circuit that uses 
another form of self-impulse com¬ 
mutation. This configuration is the 
well-known Morgan circuit. During 



Fig. 339—Basic Morgan type of inverter 
circuit. 

the off-time, load current is main¬ 
tained by L 2 , as in the circuit shown 
in Fig. 338. However, the current 
that charges capacitor C during the 
off time saturates the core of Li 
(positively, it is assumed for this 
explanation) so that the inductance 
of this inductor is small. When the 
SCR is triggered on, the capacitor 
will be connected directly across Li 
and will drive its core towards satu¬ 
ration in the reverse direction (nega¬ 
tive saturation). A finite time inter¬ 
val is required for the core to 
“switch” from positive saturation to 
negative saturation. During this 
time interval, current flows through 
the SCR, inductor La, and the load. 
Rectifier D is reverse-biased and 
therefore does not conduct. When 
the core of Li switches to negative 
saturation, capacitor C discharges 
in an oscillatory manner through 
the SCR. Because the inductance of 
inductor Li is very small at this 
time, the resonant discharge is very 
rapid, and the voltage on capacitor 
C very quickly falls from -f-E to —E. 
The core of Li remains in the nega- 
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tively saturated condition for a cer¬ 
tain time interval and then switches 
rapidly to the positively saturated 
condition. During this interval, the 
SCR continues to conduct current 
which flows through La and the load. 
When the core of Li becomes posi¬ 
tively saturated again, the capaci¬ 
tor C once more discharges in a 
resonant manner, and current is 
driven in the reverse direction 
through the SCR. When the reverse 
current through the SCR equals the 
load current, the SCR turns off. In 
practice, a rectifier is usually con¬ 
nected across the SCR in the circuit 
shown in Fig. 338 and Fig. 339 to 
carry the excess reverse current 
once the reverse current becomes 
equal to the load current. 

Auxiliary impulse commutation: 
An example of auxiliary impulse 
commutation is shown in Fig. 340. 
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Fig. 340—SCR inverter circuit that em¬ 
ploys auxiliary type of impulse commuta¬ 
tion of SCR’s. 

In this circuit, if SCR 2 has been 
triggered on, capacitor C is per¬ 
mitted to charge from the supply 
in the polarity shown. SCR 2 turns 
off automatically once capacitor C 
becomes fully charged because of the 
lack of current. When SCRi is 
triggered on, load current flows 
through SCRi and the load. In addi¬ 
tion, capacitor C discharges through 
inductor L, rectifier D, and SCRi 
until it has reversed its charge. The 
hold-off rectifier D then prevents 


the current through capacitor C 
from reversing again. Load current 
continues to flow through SCRi un¬ 
til SCR 2 is triggered on, capacitor 
C is then allowed to discharge 
through SCR 2 , and, in a reverse di¬ 
rection, through SCRi. When the 
reverse current through SCRi equals 
the load current, SCRi turns off. 

Commutating Capacitors—In all 
the commutation arrangements dis¬ 
cussed in the preceding paragraphs, 
the commutation current for the con¬ 
ducting SCR must be carried by a 
capacitor. This fact imposes rather 
severe requirements on the com¬ 
mutating capacitor. The capacitor 
must be able to carry the high peak 
currents necessary for commutation 
without excessive losses that would 
reduce circuit efficiency, cause exces¬ 
sive temperature rise, and premature 
capacitor failure. Also, because the 
series inductance of the capacitor 
may limit the width of the com¬ 
mutating pulse ajid the initial rate 
of rise of current in the conduct¬ 
ing SCR, capacitor manufacturers 
should be consulted as to the cur¬ 
rent ratings of the commutating 
capacitors at the operating fre¬ 
quency of the inverter. In addition, 
temperature life tests should be con¬ 
ducted to assure that operating- 
temperature ratings of the capacitor 
are not exceeded after long periods 
of operation. 

High-Frequency SCR 
Switching Inverter 

Fig. 341 shows a typical high- 
frequency SCR switching inverter; 
Fig. 342 shows the waveshapes 
across each SCR and the output of 
the transformer. For resistive loads, 
this inverter is capable of deliver¬ 
ing 500 watts of output power at an 
operating frequency of 8 kHz, and 
is provided with regulation from a 
no-load condition to full load. With 
proper output derating, this circuit 
can also accommodate inductive and 
capacitive loads. Under a capacitive 
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load the power dissipation of the operating frequency, however, does 
SCR^s is increased; under an indue- not require any change in the com- 
tive load the turn-oif time is de- mutating components Ci and Li. 
creased. 

The inverter can be operated at Circuit Operation—Fig. 341 shows 

any optional frequency up to 10 the two thyristors SCRi and SCRs 
kHz provided that a suitable output connected to the output transformer 
transformer is used and the timing Ti. These thyristors are alternately 
capacitors are changed in the gate- triggered into conduction by the 
trigger-pulse generator. A change in gate-trigger-pulse generator shown 



TO TRIGGER 
PULSE GENERATOR 
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Fig. 341 — High-frequency (10-kHz) SCR push-pull switching inverter. 
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Fig. 342—Typical operating waveforms for SCR inverter shown in Fig. 341. 
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in Fig. 343 to produce an alternat¬ 
ing current in the primary of the 
power transformer. 

The thyristors are commutated 
by capacitor Ci, which is connected 
between the anodes of SCRi and 
SCR 2 . The flow of current through 
the circuit can be traced more 
easily if it is assumed that initially 
SCRi is conducting and SCR 2 is 
cut off and that the common cathode 
connection of the SCR’s is the ref¬ 
erence point. For this condition, the 
voltage at the anode of SCR^ is 
twice the voltage of the dc power 
supply, i.e., 2Ecc. The load current 
flows from the dc power supply 
through one-half the primary wind¬ 
ing of transformer Ti, inductor L 2 , 
SCRi, and inductor Li. When the 
firing current is applied to the gate 
of SCR 2 , this SCR turns on and con¬ 
ducts. 

During the on period of SCR 2 , the 
capacitor Ci begins to discharge 
through La, SCR 2 , SCRi, and L 2 . In¬ 


ductors L 2 and La function to limit 
the rate of rise of the discharge 
current di/dt so that the associated 
stresses are maintained within the 
capablity of the device during the 
turn-on of the SCR. The effect of 
this control is to decrease the turn¬ 
on dissipation, which becomes a sig¬ 
nificant portion of the total device 
dissipation at high repetition rates. 

The discharge current through 
SCRi flows in a reverse direction, 
and after the carriers are swept out 
(and recombined) the SCRi switch 
opens (i.e., SCRi switches to the off 
state). At this time, the voltage 
across the capacitor Ci, which is ap¬ 
proximately equal to — 2Ecc, ap¬ 
pears across SCRi as reverse volt¬ 
age. This voltage remains long 
enough to allow the device to re¬ 
cover its forward blocking capabil¬ 
ity. Simultaneously during this 
interval, the conducting SCR 2 es¬ 
tablishes another discharge path for 
capacitor Ci through transformer 



Fig. 343 — Gate-trigger pulse generator for SCR inverter shown in Fig. 341. 
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Ti and inductors Li and La. The role 
of inductor Li is to control the rate 
of discharge of the capacitor to al¬ 
low sufficient time for turn-off. 

After capacitor Ci is discharged 
from — 2Ecc to zero, it starts to 
charge in the opposite direction to 
4-2Ecc. When Ci is charged to 
+2E cc, because of the phase shift 
between voltage and current the 
flux at that time in the inductor Li 
is a maximum. This reactive energy 
stored in the inductor is normally 
transferred to the capacitor and 
causes an “overvoltage” or “over¬ 
charge”, which in this particular 
case is undesirable. Voltages on the 
capacitor higher than 2Ecc produce 
a negative voltage at the anode of 
SCR 2 with respect to the negative 
terminal of the dc power supply. 
This condition is prevented by use 
of a clamping diode D 2 connected to 
an extra tap on the transformer 
oriented close to the anode of SCR 2 . 
As a result, the amount of “over¬ 
charge” of the capacitor is consid¬ 
erably reduced. The energy stored in 
inductor Li causes current to flow 
through diode D 2 , the N 4 transformer 
winding inductor La and SCR 2 . 
Transformer windings N 4 and Na 
act as an autotransformer through 
which the energy stored in the in¬ 
ductor is fed back to the power sup¬ 
ply* 

When the firing current is ap¬ 
plied to the gate of SCRi, this de¬ 
vice conducts and the process de¬ 
scribed above is repeated. 

Each time the SCR’s turn off to 
interrupt the reverse recovery cur¬ 
rent, a certain amount of energy 
remains in the inductor. This en¬ 
ergy is transferred to the device 
capacitance, which is relatively small, 
and thus a high-voltage transient is 
generated. This high-voltage trans¬ 
ient may exceed the rating of the 
device, produce undesirable stresses, 
and increase the switching dissipa¬ 
tion. A transient-suppressor net¬ 
work consisting of two 1N547 diodes, 
resistors Ri, R 2 and Rs, and capaci¬ 
tors C 2 and Cs prevents this transient 


voltage from exceeding the maxi¬ 
mum rating of the SCR’s. 

Gate-Trigger-Pulse Generator— 
The gate-trigger-pulse generator, as 
shown in Fig. 343, is a conventional 
astable (free-running) multivibra¬ 
tor, combined with a threshold- 
sensitive switch consisting of tran¬ 
sistors Q 3 and Q 4 which turns the 
generator on and off. The square- 
wave output of the generator is dif¬ 
ferentiated and fed to the gates of 
SCRi and SCR 2 through the Ns and 
N 4 windings of pulse transformer 
Ti. The threshold-sensitive switch 
holds the generator off until the re¬ 
quired dc level is achieved in the 
power supply. This minimum level 
is necessary to maintain a nominal 
repetition rate and to supply suffi¬ 
cient current to trigger both SCR^s. 
As dc power is applied through re¬ 
sistor Ri 5 to charge capacitor C 5 , 
the gradually increasing voltage at 
the emitter of transistor Qs even¬ 
tually rises to a value above the 
zener voltage of the zener diode D 4 
connected between the emitter of 
transistor Qs and the base of tran¬ 
sistor Q 4 . So long as this voltage is 
not exceeded, the base current of 
transistor Q 4 is zero. Because tran¬ 
sistor Q 4 is cut off, transistor Qs also 
remains cut off. As the voltage of 
the power supply increases and ex¬ 
ceeds the zener voltage of D 4 , the 
zener diode conducts current to the 
base of transistor Q 4 and causes 
the transistor to conduct. The collec¬ 
tor current of Q 4 then flows into the 
base of Qs and causes this transistor 
to conduct. The collector current of 
Qs is then applied to the astable 
multivibrator. A polarity-sensitive 
positive feedback loop consisting of 
diode D 3 and resistor Rn provides 
regenerative feedback to transistors 
Q 4 and Qs when the zener diode D 4 
is conducting. In the event that the 
power-supply voltage decreases and 
current ceases to flow through the 
zener diode, this feedback network 
maintains transistor Qs in saturation 
until the voltage in the circuit drops 
to a few volts. 
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The collector current through 
transistors Qi and Q 2 does not main¬ 
tain perfect balance as the base 
currents of transistors Qi and Q 2 in¬ 
crease. Any slight unbalance in col¬ 
lector current is amplified through 
the positive feedback loops. As a 
result, one transistor is cut off and 
the other is turned on at the ex¬ 
treme limit of unbalance. If tran¬ 
sistor Qi is assumed turned on, the 
base of transistor Q 2 is driven nega¬ 
tive by capacitor C 2 , which is con¬ 
nected to the collector of Qi. The 
negative bias on the base of Q 2 
drives the transistor into the cut-off 
state. Capacitor Cs connected to the 
base of Qi is then charged through 
the load resistor R? of transistor Q 2 , 
and the base drive on transistor Qi 
increases until the capacitor is fully 
charged. Capacitor C 2 , with its nega¬ 
tively charged plate connected to the 
base of transistor Q 2 through a re¬ 
sistor divider consisting of R 4 and 
Rc, is discharged through resistor Rs. 
Resistor Rs is connected to a poten¬ 
tiometer R 9 which controls the wave¬ 
shape symmetry and another poten¬ 
tiometer Rio which is connected to 
the positive supply voltage and 
serves as the repetition-rate control. 

When the negative bias decreases 
to zero and the base of Q 3 becomes 
positive, transistor Q 2 turns on and 
causes Qi to turn off. The capacitor 
C 4 which was charged through load 
resistor R 7 starts to discharge 
through the N 2 primary windings of 
the pulse transformer Ti after Q 2 is 
turned on. This discharge current is 


fed to the gate of the SCR, in the 
appropriate direction to fire the de¬ 
vice. During the alternate half-cycle 
of multivibrator operation, capacitor 
Cl discharges through the Ni pri¬ 
mary windings of the pulse trans¬ 
former to trigger SCRi. 

Applications—Some of the appli¬ 
cations of the SCR inverter are as 
follows: 

1 . DC-to-dc converter. Conversion 
can be accomplished by the use of 
small, light-weight, low-cost trans¬ 
formers, inductors, and capacitors. 
This circuit is suitable for use in 
computer power supplies, telephone 
equipment, radio transmitters, bat¬ 
tery chargers, and similar equip¬ 
ment. 

2 . High-frequency fluorescent- 
lighting supply. Because of the high 
frequency of the inverter circuit, the 
size and weight of the inductive 
ballast is considerably reduced; in 
addition, half of the inductive com¬ 
ponents can be replaced with low- 
cost capacitors to maintain a unity 
power factor in the circuit. The 
over-all system efficiency can also 
be improved; for example, the 20- to 
26-per-cent power dissipation as a 
result of the low-efficiency ballast 
at 60 Hz can be reduced to a few 
per cent by use of high-frequency, 
high-efficiency inductors at moderate 
cost. This decrease in power dissipa¬ 
tion in a large industrial building 
can mean less burden on the air- 
conditioning system. 
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A udio amplifier circuits are used 
in radio and television receivers, 
public address systems, sound re¬ 
corders and reproducers, and similar 
applications to amplify signals in the 
frequency range from 20 to 20,000 
Hz., Each transistor in an audio am¬ 
plifier can be considered as either a 
current amplifier or a power ampli¬ 
fier. The type of circuit configura¬ 
tion selected is dictated by the re¬ 
quirements of the given application. 
The output power to be supplied, 
the required sensitivity and fre¬ 
quency response, and the maximum 
distortion limits, together with the 
capabilities and limitations of avail¬ 
able devices, are the main criteria 
used to determine the circuit that 
will provide the desired performance 
most efficiently and economically. 

In addition to the consideration 
that must be given to the achieve¬ 
ment of performance objectives and 
the selection of the optimum circuit 
configuration, the circuit designer 
must also take steps to assure re¬ 
liable operation of the audio ampli¬ 
fier under varying conditions of 
signal level, frequency, ambient 
temperature, load impedance, line 
voltage, and other factors which may 
subject the transistors to either 
transient or steady-state high stress 
levels. 


The input to an audio amplifier 
is a low-power-level audio signal 
from the phonograph or magnetic- 
tape pickup head or, in a radio re¬ 
ceiver, from the detector stage as 
indicated in the section Tuned Am¬ 
plifiers, Frequency Converters, and 
Detectors for AM, FM, and TV Re¬ 
ceivers. This signal is usually ampli¬ 
fied through a preamplifier stage, 
one or more low-level (predriver or 
driver) audio stages, and an audio 
power amplifier. The system may 
also include frequency-selective cir¬ 
cuits which act as equalization net¬ 
works and/or tone controls. 

CLASSES OF OPERATION 

A circuit designer may select any 
one of three classes of operation for 
transistors used in linear-amplifier 
applications. This selection is made 
on the basis of a combination of such 
factors as required power output, 
dissipation capability, efficiency, 
gain, and distortion characteristics. 

The three basic classes of opera¬ 
tion (class A, class B, and class C) 
for linear transistor amplifiers are 
defined by the operating point of the 
transistor. In class A operation, the 
active element conducts for the en¬ 
tire input cycle. In class B operation, 
the active element conducts for 180 
degrees of an input cycle and is cut 
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off during the remainder of the time. 
In class C operation, the active ele¬ 
ment conducts for some amount less 
than 180 degrees of an input cycle. 
The following paragraphs discuss 
the distinguishing features of class 
A and class B operation. In general, 
because of the high harmonic dis¬ 
tortion introduced as a result of the 
short conduction angle, class C op¬ 
eration is used primarily in rf- 
amplifier applications in which it is 
practical to use tuned output circuits 
to eliminate the harmonic compo¬ 
nents. For this reason, class C op¬ 
eration is not discussed further. 

Class A Operation 

Class A amplifiers are used for 
linear service at low power levels. 
When power amplifiers are used in 
this class of operation, the ampli¬ 
fier output is usually transformer- 
coupled to the load circuit, as shown 
in Fig. 344. At low power levels, the 
class A amplifier can also be coupled 
to the load by resistor, capacitor, or 
direct coupling techiques. 



Fig. 344—Basic class A, transformer- 
coupled amplifier. 

There is some distortion in a 
class A stage because of the non¬ 
linearity of the active device and 
circuit components. The maximum 
efficiency of a class A amplifier is 
50 per cent; in practice, however, 
this efficiency is not realized. The 
class A transistor amplifier is usu¬ 
ally biased so that the quiescent 
collector current is midway between 


the maximum and minimum values 
of the output-current swing. Collec¬ 
tor current, therefore, flows at all 
times and imposes a constant drain 
on the power supply. The consistent 
drain is a distinct disadvantage 
when higher power levels are re¬ 
quired or operation from a battery 
is desired. 

Class B Operation 

Class B power amplifiers are usu¬ 
ally used in pairs in a push-pull 
circuit because conduction is not 
maintained over the complete cycle. 
A circuit of this type is shown in 
Fig. 345. If conduction in each de- 



Fig. 345—Basic class B, push-pull trans¬ 
former-coupled amplifier. 

vice occurs during approximately 
180 degrees of a cycle and the driv¬ 
ing wave is split in phase, the class 
B stage can be used as a linear 
power amplifier. The maximum effi¬ 
ciency of the class B stage at full 
power output is 78.5 per cent when 
two transistors are used. In a class 
B amplifier, the maximum power 
dissipation is 0.203 times the maxi¬ 
mum power output and occurs at 42 
per cent of the maximum output. 

Ideally, transistors used in class 
B push-pull service should be biased 
to collector cutoff so that no power 
is dissipated under zero-signal con¬ 
ditions. At low signal inputs, how¬ 
ever, the resulting signal would be 
distorted, as shown in Fig. 346, be¬ 
cause of the low forward current- 
transfer ratio of the transistor at 
very low currents. This type of dis- 
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tortion, called cross-over distortion, 
can be suppressed by the use of a 
bias voltage which permits a small 
collector current flow at zero signal 
level. Any residual distortion can 
be further reduced by the use of 
negative feedback. 


OUTPUT 

COLLECTOR 

CURRENT 



Fig. 346—Waveforms showing cause of 
cross-over distortion. 


Transistors are not usually used 
in true class B operation because 
of high degree of cross-over distor¬ 
tion at low power levels. Most power 
stages operate in a biased condition 
somewhat between class A and class 
B. This intermediate class is de¬ 
fined as class AB. Class AB transis¬ 
tor amplifiers operate with a small 
forward bias on the transistor to 
minimize the nonlinearity. The 
quiescent current level, however, is 
still low enough so that class AB 
amplifiers provide good efficiency. 
This advantage makes class AB 
amplifiers an almost universal choice 
for high-power linear amplification, 
especially in battery-operated equip¬ 
ment. 


graph pickup devices, and recorder- 
reproducer heads. 

Basic Design Features 

In the design of an audio pre¬ 
amplifier, special consideration must 
be given to the circuit noise figure, 
equalization networks, input im¬ 
pedance, and volume and tone con¬ 
trols. 

Noise Figure—One of the im¬ 
portant characteristics of a low- 
level amplifier circuit is its signal- 
to-noise ratio, or noise figure. The 
input circuit of an amplifier inher¬ 
ently contains some thermal noise 
contributed by the resistive elements 
in the input device. All resistors 
generate a predictable quantity of 
noise power as a result of thermal 
activity. This power is about 160 dB 
below one watt for a bandwidth of 
10 kHz. 

When an input signal is amplified, 
therefore, the thermal noise gener¬ 
ated in the input circuit is also 
amplified. If the ratio of signal 
power to noise power (S/N) is the 
same in the output circuit as in the 
input circuit, the amplifier is con¬ 
sidered to be “noiseless^* and is said 
to have a noise figure of unity, or 
zero dB. 

In practical circuits, however, the 
ratio of signal power to noise power 
is inevitably impaired during ampli¬ 
fication as a result of the generation 
of additional noise in the circuit ele¬ 
ments. A measure of the degree of 
impairment is called the noise figure 
(NF) of the amplifier, and is ex¬ 
pressed as the ratio of signal power 
to noise power at the input (Si/Ni) 
divided by the ratio of signal power 
to noise power at the output (So/No), 
as follows: 


PREAMPLIFIERS 

Simple class A amplifier circuits 
are normally used in low-level audio 
stages such as preamplifiers and 
drivers. Preamplifiers usually follow 
low-level output transducers such as 
microphones, hearing-aid and phono¬ 


NF 


Si/Ni 

So/No 


The noise figure in dB is equal to 
ten times the logarithm of this 
power ratio. For example, an ampli¬ 
fier with a 1-dB noise figure de¬ 
creases the signal-to-noise ratio by 
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a factor of 1.26, a 3-dB noise figure 
by a factor of 2, a 10-dB noise figure 
by a factor of 10, and a 20-dB noise 
figure by a factor of 100. 

In audio amplifiers, it is desirable 
that the noise figure be kept low. In 
general, the lowest value of NF is 
obtained by use of an emitter cur¬ 
rent of less than one milliampere and 
a collector voltage of less than two 
volts for a signal-source resistance 
between 300 and 3000 ohms. If the 
input impedance of the transistor is 
matched to the impedance of the sig¬ 
nal source, the lowest value of NF 
that can be attained is 3 dB. Gener¬ 
ally, the best noise figure is obtained 
by use of a transistor input imped¬ 
ance approximately 1.5 times the 
source impedance. However, this 
condition is often not realizable in 
practice because many transducers 
are reactive rather than resistive. In 
addition, other requirements such as 
circuit gain, signal-handling capa¬ 
bility, and reliability may not permit 
optimization for noise. 

In the simple low-level amplifier 
stage shown in Fig. 347, resistor Ri 
determines the base bias for the 
transistor. The output signal is de- 



Fig. 347—Simple low-level class A 
amplifier. 

veloped across the load resistor Rs. 
The collector voltage and the emitter 
current are kept relatively low to 
reduce the noise figure. If the load 
impedance across the capacitor C 2 is 
low compared to R 2 , very little volt¬ 
age swing results on the collector. 
Therefore, ac feedback through Ri 
does not cause much reduction in 
gain. 


Equalization—In many cases, low- 
level amplifier stages used as pre¬ 
amplifiers include some type of 
frequency-compensation network to 
enhance either the low-frequency or 
the high-frequency components of 
the input signal. The frequency 
range and dynamic range* which 
can be recorded on a phonograph 
record or on magnetic tape depend 
on several factors, including the 
composition, mechanical character¬ 
istics, and speed of the record or 
tape, and the electrical and mechani¬ 
cal characteristics of the recording 
equipment. To achieve wide fre¬ 
quency and dynamic range, manu¬ 
facturers of commercial recordings 
use equipment which introduces a 
nonuniform relationship between am¬ 
plitude and frequency. This rela¬ 
tionship is known as a “recording 
characteristic’^ To assure proper 
reproduction of a high-fidelity re¬ 
cording, therefore, some part of the 
reproducing system must have a fre¬ 
quency-response characteristic which 
is the inverse of the recording char¬ 
acteristic. Most manufacturers of 
high-fidelity recordings use the 
RIAA characteristic for discs and 
the NARTB characteristic for mag¬ 
netic tape. 

The simplest type of equalization 
network is shown in Fig. 348. Be¬ 
cause the capacitor C is effectively 
an open circuit at low frequencies, 
the low frequencies must be passed 
through the resistor R and are at¬ 
tenuated. The capacitor has a lower 
reactance at high frequencies, how¬ 
ever, and bypasses high-frequency 
components around R so that they 


* The dynamic range of an amplifier is 
a measure of its signal-handling capability. 
The dynamic range expresses in dB the 
ratio of the maximum usable output signal 
(generally for a distortion of about 10 per 
cent) to the minimum usable output signal 
(generally for a signal-to-noise ratio of 
about 20 dB). A dynamic range of 40 dB 
is usually acceptable; a value of 70 dB is 
exceptional for any audio system. 
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Fig. 348—Simple RC frequency-compen¬ 
sation network. 

receive negligible attenuation. Thus 
the network effectively “boosts^* the 
high frequencies. This type of equali¬ 
zation is called “attenuative.” 

The location of the frequency- 
compensation network or “equalizer” 
in the reproducing system depends 
on the types of recordings which are 
to be reproduced and on the pickup 
devices used. All commercial pick¬ 
up devices provide very low power 
levels to a transistor preamplifier 
stage. 

A ceramic high-fidelity phono¬ 
graph pickup is usually designed to 
provide proper compensation for the 
RIAA recording characteristic when 
the pickup is operated into the load 
resistance specified by its manufac¬ 
turer. Usually, a “matching” resis¬ 
tor is inserted in series with the in¬ 
put of the preamplifier transistor. 
However, this arrangement produces 
a fairly small signal current which 
must then be amplified. If the match¬ 
ing resistor is not used, equalization 
is required, but some improvement 
can be obtained in dynamic range 
and gain. 

A magnetic high-fidelity phono¬ 
graph pickup, on the other hand, 
usually has an essentially fiat fre¬ 
quency-response characteristic. Be¬ 
cause a pickup of this type merely 
reproduces the recording charac¬ 
teristic, it must be followed by an 
equalizer network, as well as by a 
preamplifier having sufficient gain to 
satisfy the input requirements of the 
tone-control amplifier and/or power 
amplifier. Many designs include both 
the equalizing and amplifying cir¬ 
cuits in a single unit. 

A high-fidelity magnetic-tape pick¬ 
up head, like a magnetic phonograph 
pickup, reproduces the recording 


characteristic. This type of pickup 
device, therefore, must also be fol¬ 
lowed by an equalizing network and 
preamplifier to provide equalization 
for the NARTB characteristic. 

Feedback networks may also be 
used for frequency compensation and 
for reduction of distortion. Basically, 
a feedback network returns a por¬ 
tion of the output signal to the input 
circuit of an amplifier. The feedback 
signal may be returned in phase with 
the input signal (positive or re¬ 
generative feedback) or 180 degrees 
out of phase with the input signal 
(negative, inverse, or degenerative 
feedback). In either case, the feed¬ 
back can be made proportional to 
either the output voltage or the out¬ 
put current, and can be applied to 
either the input voltage or the input 
current. A negative feedback signal 
proportional to the output current 
raises the output impedance of the 
amplifier; negative feedback propor¬ 
tional to the output voltage reduces 
the output impedance. A negative 
feedback signal applied to the input 
current decreases the input imped¬ 
ance; negative feedback applied to 
the input voltage increases the input 
impedance. Opposite effects are pro¬ 
duced by positive feedback. 

A simple negative or inverse feed¬ 
back network which provides high- 
frequency boost is shown in Fig. 349. 


Rl R2 
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Fig. 349 — Negative-feedback frequency- 
compensation network. 

This network provides equalization 
comparable to that obtained with 
Fig. 348, but is more suitable for 
low-level amplifier stages because it 
does not require the first amplifier 
stage to provide high-level low fre¬ 
quencies. In addition, the inverse 
feedback improves the distortion 
characteristics of the amplifier. 
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Input Impedance—As mentioned 
previously, it is undesirable to use 
a high-resistance signal source for 
a transistor audio amplifier be¬ 
cause the extreme impedance mis¬ 
match results in high noise figure. 
High source resistance cannot be 
avoided, however, if an input de¬ 
vice such as a ceramic pickup is 
used. In such cases, the use of nega¬ 
tive feedback to raise the input im¬ 
pedance of the amplifier circuit (to 
avoid mismatch loss) is no solution 
because feedback cannot improve the 
signal-to-noise ratio of the amplifier. 
A more practical method is to in¬ 
crease the input impedance some¬ 
what by operating the transistor at 
the lowest practical current level and 
by using a transistor which has a 
high forward current-transfer ratio. 

Volume and Tone Controls— 
Some preamplifier or low-level 
audio amplifier circuits include vari¬ 
able resistors or potentiometers 
which function as volume or tone 
controls. Such circuits should be de¬ 
signed to minimize the flow of dc 
currents through these controls so 
that little or no noise will be de¬ 
veloped by the movable contact dur¬ 
ing the life of the circuit. Volume 
controls and their associated circuits 
should permit variation of gain from 
zero to maximum, and should attenu¬ 
ate all frequencies equally for all 
positions of the variable arm of the 
control. 

A tone control is a variable filter 
(or one in which at least one element 
is adjustable) by means of which the 
user may vary the frequency re¬ 
sponse of an amplifier to suit his own 
taste. In radio receivers and home 
amplifiers, the tone control usually 
consists of a resistance-capacitance 
network in which the resistance is 
the variable element. 

The simplest form of tone control 
is a ^‘treble cut” network such as 
that shown in Fig. 350. As Ri is 
made smaller, the capacitor Cs by¬ 
passes more of the high audio fre¬ 
quencies; therefore, the output of 



Fig. 350—Simple tone-control network for 
fixed tone compensation or equalization. 

the network is decreased by an 
amount dependent upon the value 
of Ri. The resistance of Ri should 
be very large in comparison to the 
reactance of Ca at the highest audio 
frequency. 

The tone-control network shown in 
Fig. 351 has two stages with com¬ 
pletely separate bass and treble con¬ 
trols. Fig. 352 shows simplified 
representations of the bass control 
when the potentiometer is turned to 
its extreme variations (labeled 
BOOST and CUT). At very high 
frequencies, Ci and C 2 are effectively 
short circuits and the network be¬ 
comes the simple voltage divider Ri 
and R 2 . In. the bass-boost position, 
R 3 is inserted in series with R 2 so 
that there is less attenuation to very 
low frequencies than to very high 
frequencies. Therefore, the bass is 
said to be “boosted”. In the bass-cut 
position, R 3 is inserted in series with 
Ri so that there is more attenuation 
to very low frequencies. 

Fig. 353 shows extreme positions 
of the treble control. Re is generally 
much larger than R 4 or Rs and may 
be treated as an open circuit in the 
extreme positions. In both the boost 
and cut positions, very low frequen¬ 
cies are controlled by the voltage di¬ 
vider R 4 and Rs. In the boost posi¬ 
tion, R 4 is bypassed by the high 
frequencies, and the voltage-divider 
point D is placed closer to C. In the 
cut position, Rs is bypassed, and there 
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Fig. 351 — Two-Stage tone-control circuit incorporating separate bass and treble controls. 


is greater attenuation of the high 
frequencies. 

The frequencies at which boost 
and cut occur in the circuit of Fig. 
351 are controlled by the values of 
Cl, C2, Cl, and C5. Both the output 
impedance of the driving stage (gen¬ 
erally Rli) and the loading of the 
driven stage affect the response 
curves and must be considered. This 
tone-control circuit, like the one in 
Fig. 350, is attenuative. Feedback 
tone controls may also be employed. 

The location of a tone-control net¬ 
work is of considerable importance. 
In a typical preamplifier, it may be 
in the collector circuit of the final 
low-level stage or in the input circuit 
of the first stage. If the amplifier 
incorporates negative feedback, the 
tone control must be inserted in a 


A BASS BOOST B A BASS CUT B 
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Fig. 352—Simplified representations of 
bass-control circuit at extreme ends of 
potentiometer. 


part of the amplifier which is ex¬ 
ternal to the feedback loop, or must 
be made a part of the feedback net¬ 
work. The over-all gain of a well 
designed tone-control network should 
be approximately unity. The system 


TREBLE BOOST TREBLE CUT 
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Fig. 353—Simplified representations of 
treble-control circuit at extreme ends of 
potentiometer. 

dynamic range should be adequate 
for all frequencies anticipated with 
the tone controls in any position. The 
high-frequency gain should not be 
materially affected as the bass con¬ 
trol is varied, nor should the low- 
frequency gain be sensitive to the 
treble control. 

Integrated-Circuit Stereo 
Preamplifier 

The RCA CA3052 silicon mono¬ 
lithic integrated circuit is designed 
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specifically for stereo preamplifier 
service. This circuit consists of four 
identical independent amplifiers that 
can be connected to provide all the 
amplification necessary in a dual¬ 
channel preamplifier for a high- 
quality phonograph system. When 
a signal source is connected to the 
inputs of a CA3052 unit operated in 
this mode, the output of each chan¬ 
nel may be used to drive a high- 
quality, high-power audio amplifier; 
all intermediate functions are ac¬ 
complished by interconnection with 
the CA3052 preamplifier circuit. 

The CA3052 is specified using 
RIAA* test methods for equivalent 
input noise using one test method 
for amplifiers 1 and 4, and an ap¬ 
propriately different method for am¬ 
plifiers 2 and 3. These circiuts are 
supplied in 16-terminal dual-in-line 
plastic packages and may be oper¬ 
ated over a temperature range of 
-25°C to 4-85°C. 

Circuit Description—Figs. 354 and 
355 show a block diagram and a de¬ 
tailed schematic, respectively, of the 
CA3052 integrated-circuit amplifier 
array. Each of the amplifiers Ai 
through A 4 provides two stages of 
voltage gain. The input stage is 
basically a differential amplifier with 
a Darlington transistor added on 



Fig. 354—Block diagram of CA3052 inte¬ 
grated-circuit amplifier array. 


* Record Industry Association of America 


one side. The output stage uses a 
combination of three transistors con¬ 
nected in an inverting configuration. 

Input signals to the amplifiers in 
the CA3052 are normally applied 
to the noninverting input terminal 
(terminal 9 for amplifier Aa) to the 
base of the Darlington input tran¬ 
sistor (Qie). The 0 . 1 -megohm re¬ 
sistor R 37 supplies bias current for 
this transistor. The voltage drop 
across the resistor is small because 
the base current of the Darlington 
transistor is very small. 

Each amplifier in the CA3052 ar¬ 
ray may be viewed as an ac opera¬ 
tional amplifier in which a fixed re¬ 
sistance is permanently connected 
between the output and the inverting 
input. In amplifier Aa, this resist¬ 
ance is provided by the series com¬ 
bination of resistors R 41 and R 42 . 

The amplifiers in the CA3052 ar¬ 
rays are normally operated in the 
noninverting configuration; it is im¬ 
portant, therefore, to minimize the 
capacitance from output to input. 
Excessive capacitance between out¬ 
put and input can result in a peaked 
response, instability, or even oscilla¬ 
tion in extreme cases. In general, 
however, if sound design practices, 
careful layout, and typical termina¬ 
tions are used, a stable predictable 
circuit results. 


Operating Characteristics—Figs. 
356 through 360 show typical dc and 
ac operating characteristics for the 
CA3052 as measured in the test cir¬ 
cuits shown in Figs. 361 and 362. 

Fig. 363 shows the curve of total 
harmonic distortion as a function of 
ambient temperature. 


First Amplifier Section of Pream¬ 
plifier—In order that the signal ap¬ 
plied to the second amplifier section 
is not degraded in signal-to-noise 
ratio, the gain of the first amplifier 
section of the preamplifier should be 
sufficient to raise the signal more 
than 40 dB. The gain of the first am¬ 
plifier, however, should not be so 
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Fig. 355—Schematic of the CA3052 integrated-circuit amplifier array, 
(continued on page 309) 


high that the amplifier overloads 
at maximum signal levels (i.e., at a 
recorded velocity of 25 centimeters 
per second). 

Each amplifier of the CA3052 ar¬ 
ray has an open-loop gain of 58 dB 
which is sufficient to allow the de¬ 
sign described above to be realized. 
A schematic of the first-section am¬ 
plifier is shown in Fig. 364. The 
breakpoints wa and ws are determined 
as indicated in the figure. The low- 
frequency breakpoint toa is caused 
mainly by Cs and the input imped¬ 
ance at the inverting input terminal. 


Fig. 365 shows a family of curves 
of distortion as a function of supply 
voltage. The solid lines represent the 
most pessimistic performance pos¬ 
sible because there is no negative 
feedback in the circuit. With a sup¬ 
ply voltage of only 10 volts, a peak 
swing of 3 volts is available before 
the distortion reaches 2 per cent. In 
the equalizer circuit, there are vary¬ 
ing amounts of negative feedback, 
depending on the frequency; the 
poorest situation occurs at low fre¬ 
quencies where there is maximum 
boost. 



DC SUPPLY CURRENT 
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Fig. 355—Schematic of the CA3052 integrated-circuit amplifier array, 
(continued from page 308) 



DC SUPPLY VOLTAGE —V 
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Fig. 356—Typical dc supply current as a 
function of supply voltage. 



92CS-25868 

Fig. 357—Typical dc supply current as a 
function of ambient temperature. 
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Fig. 358—Typical amplifier gain as a 
function of supply voltage. 



AMBIENT TEMPERATURE — "C 
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Fig. 359—Typical open-loop gain as a 
function of ambient temperature. 



FREQUENCY—kHz 92CS-2587I 

Fig. 360—Typical open-loop gain as a 
function of frequency. 



CONNECT TO APPROPRIATE TERMINAL 
TO READ VOLTAGE 


92CS-25872 

Fig. 361—Test circuit for measurement of 
collector supply voltage and currents. 



92CS-25873 

Fig. 362—Test circuit for measurement of 
distortion, open-loop gain, and bandwidth 
characteristics. 
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AMBIENT TEMPERATURE—“C 

92CS-25874 

Fig. 363—Typical total harmonic distor¬ 
tion as a function of ambient temperature. 

Complete Preamplifiers—A com- 
lete schematic diagram of a conven¬ 
tional single-channel preamplifier is 
shown in Fig. 366. The first ampli¬ 
fier/equalizer is the same as that 
shown in Fig. 364. Tone controls and 
a second amplifier have been added. 
The second amplifier provides a flat 
response in the audio range, but is 
rolled off at about 20 kHz by capaci¬ 
tor Cl. 


BLOCKING 

CAPACITOR 



92CS-25875 

Fig. 364 — First-amplifier section of the 
CA3052 preamplifier (single channel) with 
RIAA equalization network. 


Because each amplifier of the 
CA3052 has an independent feed¬ 
back point, it is possible to vary the 
gain for balancing. With this ar¬ 
rangement, the gain of one channel 
is increased while that of the other 
is decreased as the balance con¬ 
trol is varied. The result is negligible 
change in level throughout the range 
of the control. 


PEAK OUTPUT VOLTAGE—V 
0.707 1.414 2.12 2.828 3 535 4 242 
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Fig. 365—Total harmonic distortion of 
circuit shown in Fig. 364 as a function 
of output voltage for different dc supply 
voltages. 

The resistor Ri in Fig. 366 acts 
in parallel with the feedback resist¬ 
ance already . on the integrated- 
circuit chip to reduce the gain. The 
resistors R 2 and Ra reduce the nega¬ 
tive feedback supplied by Ri. This 
same amount of gain could have 
been programmed by omission of 
Ri and a corresponding increase in 
the values of R 2 and Ra. Analysis 
of differential-amplifier stages has 
shown that the equivalent noise 
source resistance comes from both 
inputs. Therefore, the low resistor 
values achieved by the use of Ri 
result in a decrease in the noise out¬ 
put by about 4 dB. This noise re¬ 
duction is important when the level 
control is at the minimum setting 
and the signal-to-noise ratio is 0 dB. 
A schematic diagram of a second 
preamplifier (one channel only) is 
shown in Fig. 367. In this circuit. 
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Fig. 366—One channel of a complete stereo preamplifier. 


the equalizer and second-amplifier 
stages have been kept intact, but the 
positions of the level and tone con¬ 
trols have been reversed. In some 
cases, the design of complete sys¬ 
tems is complicated by the fact that 
many loudspeakers tend to overload 
at low frequencies. In addition, there 
may be acoustic coupling between 
the input and output that causes an 
unstable “microphonic^^ condition at 
full gain. 

With the arrangement shown in 
Fig. 367, it is possible to realize a 
system which has a great deal of 
bass boost at normal listening levels, 
but in which the gain at the bass end 
is restricted as the maximum level 
is approached. The value of resis¬ 
tor Ri in the tone-control network 
is made smaller in this system. At 
average listening levels, the differ¬ 
ence is made up by the reduced 
series impedance presented by R 4 . 
The treble-boost capacitor must be 
increased so that there is little ap¬ 
parent loss in treble at low settings. 
The gain of the second amplifier is 
reduced to make the system gain 
equivalent at the reference fre¬ 
quency, but in so doing the net gain 
at the bass end is less. 


As the level control is advanced, 
the sensation is one of a small 
change in emphasis from lows to 
highs. 


Feedback Level Control—Fig. 368 
shows the use of the CA3052 in a 
preamplifier that employs feedback 
volume control. In a feedback- 
volume-control circuit, the gain, 
rather than the input level, of the 
amplifier is varied. The level control 
is located between the output and the 
inverting input of the CA3052. At 
minimum volume, the entire output 
is fed back to the input. With this 
amount of feedback, some external 
stabilization is required; C 3 and Rs 
are used to provide this stabilization. 

The maximum gain level of the 
second amplifier stage is determined 
by the ratio of Rv and Re. Adjust¬ 
ment of Rv also varies the ratio of 
feedback resistance to source resist¬ 
ance. The input impedance to the 
second stage varies from Re at maxi¬ 
mum volume to Re -f- Rv at mini¬ 
mum volume. Adjustment of Rv, 
therefore, varies the loading on the 
preceding tone-control circuit. The 
circuit shown in Fig. 368 exhibits 
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Fig. 367—One channel of a complete stereo preamplifier in which the locations of the 
tone and level controls have been reversed from those in the preamplifier shown in 

Fig. 366. 


less bass boost at maximum volume 
than at lower levels, as does the cir¬ 
cuit in Fig. 367. To maintain bass 
boost at higher levels, it is necessary 
to scale the impedances of the tone- 
control circuit to lower values. 

At minimum volume, the feed- 
back-volume-control circuit effec¬ 
tively places the noise source for the 
second stage at the output of the pre¬ 
amplifier. Under these conditions, the 
source resistance seen by the power 
amplifier is reduced. 

The feedback-volume-control cir¬ 
cuit requires a special taper on the 
volume-control potentiometer. A 
linear taper acts rather like a switch 
in that it provides very little volume 
as the control is rotated up to about 
90 per cent of its rotation. The level 
then rises very quickly to maximum. 
The correct taper is a counterclock¬ 
wise logarithmic type, i.e., one in 
which the rate of change of resist¬ 


ance is very fast at first, and then 
slows down as maximum rotation is 
approached. 


Musical-Instrument Applications— 
The four independent amplifiers of 
the CA3052 make possible simple de¬ 
signs for circuits normally used in 
electronic musical instruments. 

The tone-generation system for 
musical instruments may be a sys¬ 
tem of oscillators and frequency di¬ 
viders designed for particular char¬ 
acteristics. The oscillators should be 
stable and tunable; each frequency 
divider is then phased-locked to its 
synchronizing source so that its out¬ 
put is exactly one-half the synchro¬ 
nizing frequency. As each divider 
is added, another tone is generated 
which is one octave below the input 
frequency. It is desirable for each 
element of the string to exhibit an 
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Fig. 368—One channel of a complete stereo preamplifier that employs feedback volume 

control. 


identical waveform which is rich in 
harmonics. The tones may then be 
mixed and passed through various 
filters so that different frequency 
bands are passed to the power am¬ 
plifier to provide a variety of tonal 
colors. 

Fig. 369 shows the CA3052 con¬ 
nected as a tone generator for an 
electronic organ. Amplifier As is 
connected as a Hartley oscillator, 
with its frequency governed by the 
relationship coo = l/(LiCi)^^^ 

Amplifiers Ai, Ao, and A 4 are set 
up as astable multivibrators. The 
period of A 4 is made somewhat 
longer than one-half the period of 
A3 by timing capacitor C3. Capaci¬ 
tor C 2 provides a synchronizing sig¬ 
nal to amplifier A 4 by triggering A 4 
before its natural period is com¬ 
pleted. In similar fashion, amplifier 
A 4 provides a synchronizing signal 
to amplifier Ai by means of capaci¬ 
tor C 4 , and to amplifier As by means 
of capacitor Cs. 


Outputs are taken from the tim¬ 
ing capacitors C3, Co, and C? in the 
multivibrators, and from the inte¬ 
grating capacitor Cs in the master 
oscillator. In each case, a triangular 
waveform, approximately 200 milli¬ 
volts peak-to-peak, is obtained. 

Twelve generators of this type 
would constitute the tone-generation 
system for a four octave electronic 
organ. 

Tremolo is widely used in musical- 
instrument amplifiers to create ef¬ 
fects which add to the capability of 
the instrument itself. It is a musical 
effect characterized by a sub-audio 
modulation of the musical tone. 
When amplitude modulation is used, 
it is called tremolo; a frequency- 
modulation effect is termed vibrato. 

If a variable impedance is con¬ 
nected in the feedback loop of the 
CA3052, it is possible to vary its 
gain by a modulating signal. This 
feature is used in the circuit shown 
in Fig. 370. 
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Fig. 369 — Tone-generator circuit. 
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pedance, control the gain. The output 
of the Wien-bridge oscillator is 
coupled directly into the variable 
impedance to vary the gain at a 6- 
Hz rate to produce the tremolo ef¬ 
fect. The variable impedance may 
be either a diode (or a diode-con¬ 
nected transistor) or an MOS tran¬ 
sistor in which the source-to-drain 
impedance is varied by variation of 
the gate bias. 

Integrated-Circuit Phono 
Preamplifier 

The CA3036 integrated-circuit ar¬ 
ray may be used to provide two in¬ 
dependent low-noise wide-band am¬ 
plifier channels. These arrays are 
designed to operate over a range of 
ambient temperatures from —55°C 
to 4-125°C and are supplied in 10- 
terminal TO-5-style metal packages. 
They are particularly useful for pre¬ 
amplifier and low-level amplifier ap¬ 
plications in single-channel or stereo 
systems. 

Fig. 371(a) shows the schematic 
diagram of the CA3036 array. The 




Fig. 371 — (a) Circuit diagram for CA3036 
and (b) block diagram of stereo system 
using a CA3036 in a phono preamplifier. 


array consists of four transistors 
connected to form two independent 
Darlington pairs. Fig. 371(b) shows 
a block diagram that illustrates the 
use of the array in a typical stereo 
phonograph. The CA3036 can be 
mounted directly on a stereo cart¬ 
ridge. Because of the low noise, high 
input impedance, and low output im¬ 
pedance of the array, only minimal 
shielding is required from the pick¬ 
up to the amplifier. The buffering 
action of the CA3036 also substan¬ 
tially reduces losses and decreases 
hum pickup. 

The CA3036 array features 
matched transistors with emitter- 
follower outputs, low-noise perform¬ 
ance, and a gain-bandwidth product 
typically of 200 MHz. Typical appli¬ 
cations of the array include stereo 
phonograph amplifiers, low-level 
stereo and single-channel stages, 
low-noise emitter-follower differen¬ 
tial amplifiers, and operational- 
amplifier drivers. 

POWER AMPLIFIERS 

The quality of an audio power 
amplifier is measured by its ability 
to provide high-fidelity reproduction 
of audio program material over the 
full range of audible frequencies. 
The amplifier is required to increase 
the power level of the input to a sat¬ 
isfactory output level with little dis¬ 
tortion, and the sensitivity of its 
response to the input signals must 
remain essentially constant through¬ 
out the audio-frequency spectrum. 
Moreover, the input-impedance char¬ 
acteristics of the amplifier must be 
such that the unit does not load ex¬ 
cessively and thus adversely affect 
the characteristics of the input- 
signal source. 

Silicon power transistors offer 
many advantages when used in the 
power-output and driver stages of 
high-power audio amplifiers. These 
devices may be used over a wide 
range of ambient temperatures to 
develop tens of watts of audio-fre¬ 
quency power to drive a loudspeaker 
system. 




317 


Audio Amplifiers 
Basic Circuit Configurations 

The selection of the basic circuit 
configuration for an audio power 
amplifier is dictated by the particu¬ 
lar requirements of the intended ap¬ 
plication. The selection of the basic 
circuit configuration that provides 
the desired performance most effi¬ 
ciently and economically is based 
primarily upon the following fac¬ 
tors: power output to be supplied, 
required sensitivity and frequency- 
response characteristics, maximum 
allowable distortion, and capabilities 
of available devices. 

Class A Transformer-Coupled Am¬ 
plifiers—Fig. 372 shows a three- 
stage class A transformer-coupled 
audio amplifier that uses dc feed¬ 
back (coupled by Ri, Ro, R 3 , R 4 , and 



Fig. 372 — Three-stage transformer-coupled, 
class A amplifier. 

Cl) from the emitter of the output 
transistor to the base of the input 
transistor to obtain a stable operat¬ 
ing point. An output capability of 5 
watts with a total harmonic dis¬ 
tortion of 3 per cent is typical for 
this type of circuit. In general, this 
output level is the upper limit for 
class A amplifiers because the power 
dissipated by the output transistor 
in such circuits is more than twice 
the output power. For this reason, 
it is economically impractical to use 
class A audio amplifiers to develop 
higher levels of output power. A cir¬ 
cuit such as the one shown in Fig. 
372 usually requires no over-all 
feedback unless extremely low dis¬ 
tortion is required. Local feedback 


in each stage is adequate; amplifiers 
of this type, therefore, are usually 
very stable. 

Class AB Push-Pull Transformer- 
Coupled Amplifiers—At power-out- 
put levels above 5 watts, the operat¬ 
ing efficiency of the circuit becomes 
an important factor in the design 
of audio power amplifiers. The cir¬ 
cuit designer may then consider a 
class AB push-pull amplifier for use 
as the audio-output stage. 

Fig. 373 shows a class AB push- 
pull transformer-coupled audio¬ 
output stage. Resistors Ri, R 2 , and 
Ra form a voltage divider that pro¬ 
vides the small amount of transis¬ 
tor forward bias required for class 
AB operation. The transformer type 
of output coupling used in the cir¬ 
cuit is advantageous in that a suit¬ 
able output transformer can be se¬ 
lected to match the audio system to 
any desired load impedance. This 
feature assures maximum transfer 
of the audio-output power to the load 
circuit, which is especially important 
in sound-distribution systems that 
use high-impedance transmission 
lines to reduce losses. A major dis¬ 
advantage of transformer output 
coupling is that it tends to limit the 
amplifier frequency response, par¬ 
ticularly at the low-frequency end. 



Fig. 373—Class AB, push-pull transformer- 
coupled audio output stage. 
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Variations in transformer imped¬ 
ance with frequency may produce 
significant phase shifts in the signal 
at both frequency extremes of the 
amplifier response. Such phase shifts 
are potential causes of amplifier in¬ 
stability if they occur within the 
feedback loop. Open-circuit stability 
is always a problem in designs that 
use output transformers because the 
gain increases sharply when the load 
is removed. If too much over-all 
feedback is employed, the amplifier 
may oscillate. The local feedback 
caused by the bias arrangement of 
R 2 and Ra helps to eliminate this 
problem. 

Push-pull output stages, which use 
identical output transistors, require 
some form of phase inversion in the 
driver stage. In the circuit shown in 
Fig. 373, a center-tapped driver 
transformer is used for this pur¬ 
pose. The requirements of this trans¬ 
former depend upon the power levels 
involved, the bandwidth required, 
and the distortion that can be toler¬ 
ated. This transformer also intro¬ 
duces phase-shift problems that tend 
to cause instabilities in the circuit 
when high levels of feedback are em¬ 
ployed. Phase-shift problems are 
substantially reduced when the out¬ 
put stage is designed to operate at 
low drive requirements. The reduced 
drive requirements can be achieved 
by use of the Darlington circuit 
shown in Fig. 374. Resistors Ri and 



Fig. 374—Class AB, push-pull transformer- 
coupled audio output stage in which 
Darlington pairs are used to reduce drive 
requirements of output transistors. 


R 2 shunt the leakage of the driver 
and also permit the output transis¬ 
tors to turn off more rapidly. Im¬ 
pedance levels between the class A 
driver and the output stage can be 
easily matched by the use of an ap¬ 
propriate transformer turns ratio. 

An alternative method of phase 
inversion is to use a transistor in 
a phase-splitter circuit, such as de¬ 
scribed later in the discussion on 
Drive Requirements. Unlike the 
center-tapped transformer method, 
impedance matching may be a prob¬ 
lem because the collector of the 
driver, which has a relatively high 
impedance, operates into the low 
input impedance of the output 
stage. One solution is to reduce the 
output impedance of the driver stage 
by the use of smaller resistors. The 
resultant increase in collector cur¬ 
rent, however, also increases the dis¬ 
sipation. Moreover, very large cou¬ 
pling capacitors are necessary for 
the achievement of good low-fre¬ 
quency performance. The nonlinear 
impedance exhibited by the input of 
the output transistor causes a dc 
voltage to be produced across the 
capacitor under high signal levels. 
An alternate solution is to use a 
Darlington pair to increase the in¬ 
put impedance of the output stage. 

Class AB Series-Output Amplifiers 
—For applications in which low dis¬ 
tortion and wide frequency response 
are major requirements, a trans¬ 
formerless approach is usually em¬ 
ployed in the design of audio power 
amplifiers. With this approach, the 
common type of circuit configura¬ 
tion used is the series-output ampli¬ 
fier. 

The class-AB-operated n-p-n tran¬ 
sistors used in the series-output cir¬ 
cuits shown in Fig. 375 require some 
form of phase inversion of the drive 
signal for push-pull operation. A 
common approach is to use a driver 
transformer that has split secondary 
windings, as shown in Fig. 376. The 
split secondary windings are re¬ 
quired because of the mode in which 
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+ Vcc ■'■Vcc 
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Fig. 375—Circuit arrangements for opera¬ 
tion of series output circuit from (a) a 
single dc supply and (b) symmetrical 
dual supplies. 

each of the series output transistors 
operates. 

If ground were used as the drive 
reference for both secondary wind¬ 
ings of the circuit shown in Fig. 376, 
transistor Qi would operate as an 


+Vcc +Vbb 
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Fig. 376—Circuit using a driver trans¬ 
former that has split secondary windings 
to provide phase inversion for push-pull 
operation of a series-output circuit. 


emitter-follower and would provide 
gain of somewhat less than unity. 
Transistor Q 2 , however, is connected 
in a common-emitter configuration 
which can provide substantial volt¬ 
age gain. For equal output-voltage 
swings in both directions, the drive 
input to transistor Qi is applied di¬ 
rectly across the base and emitter 
terminals. Transistor Qi is then ef¬ 
fectively operated in a common- 
emitter configuration (although 
there is no phase reversal from in¬ 
put to output) and has a voltage 
gain equal to that of transistor Q 2 . 

The disadvantages of a driver 
transformer discussed previously 
also apply to the circuit shown in 
Fig. 376. In addition, coupling 
through interwinding capacitances 
can adversely affect the perform¬ 
ance of the circuit. Such coupling 
is particularly serious because at 
both ends of the upper secondary 
(terminals 1 and 2) the ac voltage 
with respect to ground is approxi¬ 
mately equal to the output voltage. 
During signal conditions, when out¬ 
put transistor Qi is turned on, this 
coupling provides an unwanted drive 
to Q]. The forward transistor bias 
required to maintain class AB cir¬ 
cuit operation is provided by the 
resistive voltage divider Ri, R 2 , Ra, 
and R 4 . These resistors also assure 
that the output point between the 
two transistors (point A) is main¬ 
tained at one-half the dc supply 
voltage Vcc. 

As in the case of the transformer- 
coupled output, phase inversion can 
be accomplished by use of an addi¬ 
tional transistor. Fig. 377 shows a 
circuit in which the transistor phase 
inverter is used, together with a 
Darlington output stage to minimize 
loading on the phase inverter. It 
should be noted that capacitor C 
provides a drive reference back to 
the emitter of the upper output 
transistor. In effect, this arrange¬ 
ment duplicates the drive conditions 
of the split-winding transformer ap¬ 
proach. A disadvantage of this cir¬ 
cuit is the high quiescent dissipation 
of the phase inverter Qi which is 



320 


RCA Solid-State Devices Manual 



Fig. 377 — Push-pull series-output amplifier 
in which driver and output transistors are 
connected as Darlington pairs and drive- 
signal phase inversion is provided by 
phase-splitter stage Q^. 


necessary to obtain adequate drive 
at full power output. An unbypassed 
emitter resistor R is necessary be¬ 
cause a signal is derived from this 
point to drive the lower output tran¬ 
sistor. When transistor Qi is driven 
into saturation, the minimum collec¬ 
tor-to-ground voltage that can be 
obtained is limited primarily by the 
peak emitter voltage under these 
conditions. To obtain the necessary 
voltage swing at this collector (a 
voltage swing that is also approxi¬ 
mately equal to the output voltage 
swing), it is necessary to use a 
quiescent collector-to-emitter voltage 
higher than that required in a stage 
that uses a bypassed emitter re¬ 
sistor. 

Complementary-Symmetry Ampli¬ 
fiers—When a complementary pair 
of output transistors (n-p-n and 
p-n-p) is used, it is possible to de¬ 
sign a series-output type of audio 
power amplifier which does not re¬ 
quire push-pull drive. Because phase 
inversion is unnecessary with this 


type of configuration, the drive cir¬ 
cuit for the amplifier is simplified 
substantially. Fig. 378 shows a basic 
complementary type of series-output 
circuit together with a simple class 
A driver stage. The voltage drop 
across resistor R provides the small 
amount of forward bias required for 
class AB operation of the comple¬ 
mentary pair of output transistors. 


■‘•Vbb +Vcc 



Fig. 378—Basic complementary type of 
series-output circuit. 

In practice, a diode is employed in 
place of resistor R. The purpose of 
the diode is to maintain the quies¬ 
cent current at a reasonable value 
with variations in junction tempera¬ 
tures. It is usually thermally con¬ 
nected to one of the output transis¬ 
tors and tracks with the Vbb of the 
output transistors. 

The complementary circuit is by 
far the most thermally stable output 
circuit. It places the output transis¬ 
tors in a VcEs mode because both 
transistors are operated with a low 
impedance between base and emitter. 
Therefore, the Icbo leakage is the 
only component of concern in the 
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stability criteria. At power-output 
levels from 3 to 20 watts, a comple¬ 
mentary-symmetry amplifier offers 
advantages in terms of circuit sim¬ 
plicity. At higher power levels, how¬ 
ever, the class A driver transistor 
is required to dissipate considerable 
heat, the quiescent power-supply 
current drain becomes significant, 
and excessively large filter capaci¬ 
tors are required to maintain a low 
hum level. For these reasons, the 
maximum practical output for a true 
complementary-symmetry amplifier 
is considered to be about 20 watts; 
at higher power levels, this type of 
amplifier is usually replaced by the 
quasi-complementary circuit. 

Q u a s i-Complementary“Symmetry 
Amplifiers—In the quasi-complemen¬ 
tary amplifier, shown in Fig. 379, 
the driver transistors provide the 
necessary phase inversion. A single 
but descriptive way to analyze the 
operation of a quasi-complementary 



Fig. 379—Basic quasi-complementary type 
of series-output circuit. 

amplifier is to consider the result 
of connecting a p-n-p transistor to 
a high-power n-p-n output transis¬ 
tor, as shown in Fig. 380. The collec¬ 
tor current of the p-n-p transistor 
becomes the base current of the 


n-p-n transistor. The n-p-n transis¬ 
tor, which is operated as an emitter- 
follower, provides additional current 
gain without inversion. If the emit¬ 
ter of the n-p-n transistor is consid¬ 
ered as the ‘‘effective” collector of 
the composite circuit, it becomes 
apparent that the circuit is equiva¬ 
lent to a high-gain, high-power p-n-p 
transistor. The output characteris¬ 
tics of the p-n-p circuit shown in 
Fig. 380 and of a high-gain, high- 

"EFFECTIVE" COLLECTOR 



Fig. 380—Connection of n-p-n driver tran¬ 
sistor to n-p-n output transistor. 

power n-p-n circuit formed by the 
connection of the same type of n-p-n 
output transistor and an n-p-n driver 
transistor in a Darlington configura¬ 
tion, such as shown in Fig. 381, are 
compared in Fig. 382. 



Fig. 381—Darlington connection of n-p-^r 
driver transistor to n-p-n output transistor 
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The saturation characteristics of 
the over-all circuit in both cases are 
the combination of the base-to- 
emitter voltage Vbb of the output 
transistor and the collector satura¬ 
tion voltage of the driver transistor. 
Moreover, in both cases the current 
gain is the product of the indi¬ 
vidual betas of the transistors used. 
A quasi-complementary amplifier, 
therefore, is effectively the same as 
a simple complementary output cir¬ 
cuit such as that shown in Fig. 378, 



p-n-p 

(a) 



VOLTAGE—V 
n-p-n 
(b) 
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Fig. 382—Output characteristics for (a) 
p-n-p/n-p-n driver-output transistor pair 
shown in Fig. 380 and for (b) Darlington 
pair of n-p-n transistors shown in Fig. 381. 

and is formed by the use of high- 
gain, high-power n-p-n and p-n-p 
equivalent transistors. In both cases, 
the resistor R between the emitter 
and base of the output transistor 
places the device in a Vcer mode. 
This mode is not as stable as that of 


the complementay amplifier, but 
presents no problem for silicon tran¬ 
sistors. 

A typical quasi-complementary 
amplifier is shown in Fig. 383. 
Capacitor C performs two functions 
essential to the successful opera¬ 
tion of the circuit. First, it acts as 
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Fig. 383 — Quasi-complementary audio 

power amplifier that operates from a single 
dc supply. 

a bypass to decouple any power- 
supply ripple from the driver and 
predriver stages. Second, it is con¬ 
nected as a “boot-strap’^ capacitor 
to provide the drive necessary to 
pull the upper Darlington pair of 
transistors into saturation. This lat¬ 
ter function results from the fact 
that the stored voltage of the ca¬ 
pacitor, with reference to the out¬ 
put point A, provides a higher volt¬ 
age than the normal collector-supply 
voltage to drive transistor Q 2 . This 
higher voltage is necessary during 
the signal conditions that exist 
when the upper transistors are be¬ 
ing turned on because the emitter 
voltage of transistor Q 2 then ap¬ 
proaches the normal supply voltage. 
An increase in the base voltage to 
a point above this level is required 
to drive the transistor into satura- 




Audio Amplifiers 


323 


tion. Resistor Ri provides the neces¬ 
sary dc feedback to maintain point 
A at approximately one-half the 
nominal supply voltage. Over-all ac 
feedback from output to input is 
coupled by resistor Ro to reduce dis¬ 
tortion and to improve low-frequency 
performance. 

Series-output circuits can be em¬ 
ployed with separate positive and 
negative supplies; no series output 
capacitor is then required. The 
elimination of this capacitor may 
result in an economic advantage, 
even though an additional power 
supply is used, because of the size 
of the series output capacitor neces¬ 
sary in the single-supply case to 
obtain good low-frequency perform¬ 
ance (e.g., a 2000-microfarad capaci¬ 
tor is required to provide a 3-dB 
point at 20 Hz for a 4-ohm load im¬ 
pedance). Split supplies, however, 
pose certain problems which do not 
exist in the single-supply case. The 
output of the amplifier must be 
maintained at zero potential under 
quiescent conditions for all environ¬ 
mental conditions and device pa¬ 
rameter variations. Also, the input 
ground reference can no longer be 
at the same point as that indicated 
in Fig. 383, because this point is at 
the negative supply potential in a 
split-supply system. 

If the ground-point reference for 
the input signal were a common 
point between the split supplies, any 
ripple present on the negative supply 
would effectively drive the amplifier 
through transistor Qi, with the re¬ 
sult that this stage would operate 
as a common-base amplifier with its 
base grounded through the effective 
impedance of the input signal source. 
To avoid this condition, the ampli¬ 
fier must include an additional 
p-n-p transistor as shown in Fig. 
384. This transistor (Qo) reduces 
the drive effects of the negative 
supply ripple because of the high 
collector impedance (1 megohm or 
more) that it presents to the base 
of transistor Qi, and effectively iso¬ 
lates the input source impedance 
from transistor Qi. In practice, 



Fig. 384 — Quasi-complementary audio 
power amplifier that operates from sym¬ 
metrical dual dc power supplies. The p-n-p 
transistor input stage is required to pre¬ 
vent ripple component from driving 
amplifier. 

transistor Qi may be replaced by a 
Darlington pair to reduce the load¬ 
ing effects on the p-n-p predriver. 

Negative dc feedback is applied 
from the output to the input stage 
by Ri, R 2 , and Ci so that the output 
is maintained at about zero poten¬ 
tial. Actually, the output is main¬ 
tained at approximately the for¬ 
ward-biased base-emitter voltage of 
transistor Qo, which may be objec¬ 
tionable in a few cases, but which 
can be eliminated by a method dis¬ 
cussed later. Capacitor Ci effectively 
bypasses the negative dc feedback 
at all signal frequencies. Resistor Ra 
provides ac feedback to reduce dis¬ 
tortion in the amplifier. 

Drive Requirements 

In class A amplifiers, the output 
stage is usually connected in a 
common-emitter configuration. The 
relatively low input impedance that 
generally characterizes this type of 
configuration may result in a se¬ 
vere mismatch with the output im¬ 
pedance of the driver transistor. 
Usually, at low power levels, RC 
coupling is used and the loss is ac- 
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cepted. It may be advantageous in 
some circuits, however, to use an 
emitter-follower between the driver 
and the output stage to obtain an 
improved impedance match. 

Class AB amplifiers have many 
types of output connections. One 
form is the transformer-coupled 
output stage illustrated in Fig. 
385(a). Again, the common-emitter 
circuit is usually employed because it 
provides the highest power gain. The 
load circuit is never matched to the 
output impedance of the transistor, 
but rather is fixed by the available 
voltage swing and the required 
power output. The transformer is 
designed to reflect the proper im- 



+vcc 



(b) 

Fig. 385—Class AB, push-pull amplifiers 
(a) with transformer-coupled output; (b) 
with series output connection. 


pedance to the output transistors so 
that the desired power output can 
be achieved with a specific supply 
voltage. 

The use of transformer coupling 
from the driver to the input of the 
power transistor assures that the 
phase split required for push-pull 
operation of the output stages and 
any necessary impedance transfor¬ 
mation can be readily achieved. Out¬ 
put transformer coupling provides 
an easy method for matching sev¬ 
eral values of load impedance, in¬ 
cluding those encountered in sound- 
distribution systems. For paging 
service, servo motor drive, or other 
applications requiring a limited 
bandwidth, the transformer-coupled 
output stage is very useful. How¬ 
ever, there are disadvantages to the 
use of tranformer coupling. One dis¬ 
advantage is the phase shift en¬ 
countered at low- and high-frequency 
extremes, which may lead to unstable 
operation. In addition, the output 
transistors must be capable of 
handling twice the supply voltage 
because of the transformer require¬ 
ments. 

In the series-connected output 
stage, the transistors are connected 
in series across the supply and the 
load circuit is coupled to the mid¬ 
point through a capacitor. There 
must be a 180-degree phase shift be¬ 
tween the driving signals for the 
upper and lower transistors. A 
transformer can be used in this ap¬ 
plication provided that the second¬ 
ary consists of two separate wind¬ 
ings, as shown in Fig. 385(b). Other 
forms of phase splitting can be used; 
all have problems such as insufficient 
swing or poor impedance match¬ 
ing. Capacitor output coupling also 
has disadvantages. A low-frequency 
phase shift is usually associated 
with the capacitor, and it is difficult 
to obtain a capacitor that is large 
enough to produce an acceptable 
low-frequency output. These disad¬ 
vantages can be alleviated by use of 
a split supply and by connection of 
the load between the transistor mid¬ 
point and the supply midpoint with 
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the return path through the power- 
supply capacitors. The power- 
supply capacitors must be large 
enough to prevent excessive ripple. 

Complementary amplifiers are pro¬ 
duced when p-n-p and n-p-n transis¬ 
tors are used in series. A capacitor 
can be used to couple the amplifier 
output when a single supply is used, 
or direct coupling can be employed 
when a split power supply is used, 
as shown in Fig. 386. Because no 


SINGLE SUPPLY VOLTAGE 



(a) 


SPLIT SUPPLY VOLTAGE 



Fig. 386—Circuit arrangements for opera¬ 
tion of complementary output stages (a) 
from single dc supply; (b) from symmetri¬ 
cal dual (positive and negative) supplies. 

phase inversion is needed in the 
driving circuit for this output con¬ 
figuration, there are definite advan¬ 


tages in the simplicity of the de¬ 
sign. One disadvantage of this type 
of amplifier is that the driver must 
be a class A stage which may have 
a high dissipation. This dissipation 
can be reduced, however, by use of 
a Darlington compound connection 
for the output stage. This compound 
connection reduces the driving-stage 
requirement. A method of overcom¬ 
ing this disadvantage completely is 
to use a quasi-complementary con¬ 
figuration. In this configuration, the 
output transistors are a pair of 
p-n-p or n-p-n transistors driven by 
a complementary pair in the driver. 
In this manner the n-p-n/p-n-p 
drivers provide the necessary phase 
inversion. The availability of both 
n-p-n and p-n-p silicon driving 
transistors that have the same elec¬ 
trical characteristics is good. The 
driving transistors are connected 
directly to the bases of the output 
transistors, as illustrated in Fig, 
387. 

Adequate drive may be a problem 
with the transistor pair shown in 
the upper part of the quasi-comple¬ 
mentary amplifier unless suitable 
techniques are used to assure that 
this pair saturates. Care must also 
be taken when split supplies are 
used to assure that any ripple on 
the lower supply is not introduced 
into the predriving stages by this 
technique. The advantage of a split 
supply is that it makes possible di¬ 
rect connection to the load and thus 
improves low-frequency response. 

To this point, phase inversion 
has been mentioned but not dis¬ 
cussed. Phase inversion may be ac¬ 
complished in many ways. The 
simplest electronic phase inverter 
is the single-stage configuration. 
This configuration can be used at 
low power levels or with high-gain 
devices when the limited drive capa¬ 
bility is not a drawback. At higher 
power levels, some impedance trans¬ 
formation and gain may be required 
to supply the drive needed. There 
are several complex phase-splitting 
circuits; a few of them are shown 
in Fig. 388. 
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Fig. 387—Compound output stage in Fig. 388—Basic phase-inverter circuits: (a) 
which output transistors are driven by single-stage phase-splitter type; (b) two¬ 
complementary driver transistors: (a) over- stage emitter-coupled type; (c) two-stage 

all circuit; (b) upper transistor pair; (c) low-impedance type; (d) two-stage similar- 
lower transistor pair. amplifier type. 
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Power Output in Class B 
Audio Amplifiers 

For all cases of practical inter¬ 
est, the power output (Po) of an 
audio amplifier is given by the fol¬ 
lowing equation: 

Po = I(rms) X E(rms) = (IpEp)/2 

= (Ip^ Rl) /2 EpV2Rl (1) 

where Ip and Ep are the peak load 
current and voltage, respectively, 
and Rl is the load impedance pre¬ 
sented to the transistor. Fig. 389 
shows the relationship among these 
various factors in graphic form. Ob¬ 


viously, the peak load current is the 
peak transistor current, and the 
transistor breakdown-voltage rating 
must be at least twice the peak load 
voltage. The vertical lines that de¬ 
note 4-ohm, 8-ohm, and 16-ohm re¬ 
sistances are particularly useful for 
transformerless designs in which the 
transistor operates directly into the 
loudspeaker. 

Rating Methods—The Institute of 
High Fidelity (IHF) and the Elec¬ 
tronic Industries Association (EIA) 
have attempted to standardize 
power-output ratings to establish a 
common reference of comparison 
and to provide a solid definition of 
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Fig. 389—Peak transistor currents and load voltages for various output powers and load 

resistances. 



328 


RCA Solid-State Devices Manual 


the capabilities of audio power am¬ 
plifiers. Obviously, an audio power 
amplifier using an unregulated sup¬ 
ply can deliver more output power 
under transient conditions than un¬ 
der steady-state conditions. The 
rating methods which have been 
standardized for this type of opera¬ 
tion are the IHF Dynamic Out¬ 
put Rating (IHF-A-201) and the 
EIA Music Power Rating (EIA RS- 
234-A). 

Both of these measurement meth¬ 
ods allow the use of regulated sup¬ 
ply voltage to simulate transient 
conditions. Because the regulated 
supply has no source impedance or 
ripple, the results do not completely 
represent the transient conditions, 
as will be explained later. 


Measurement techniques: The EIA 
standard is used primarily by manu¬ 
facturers of packaged equipment, 
such as portable phonographs, pack¬ 
aged stereo hi-fi consoles, and pack¬ 
aged home-entertainment consoles. 
The EIA music power output is de¬ 
fined as the power obtained at a 
total harmonic distortion of 5 per 
cent or less, measured after the 
“sudden application of a signal dur¬ 
ing a time interval so short that 
supply voltages have not changed 
from their no-signal values.’^ The 
supply voltages are bypassed volt¬ 
ages. These definitions mean that 
the internal supply may be replaced 
with a regulated supply equal in 
voltage to the no-signal voltage of 
the internal supply. For a stereo 
amplifier, the music power rating 
is the sum of both channels, or twice 
the single-channel rating. 

The IHF standard provides two 
methods to measure dynamic output. 
One is the constant-supply method. 
This method assumes that under 
music conditions the amplifier sup¬ 
ply voltages undergo only insignifi¬ 
cant changes. Unlike the EIA 
method, this measurement is made 
at a reference distortion. The con¬ 
stant-supply method is used by most 


high-fidelity component manufac¬ 
turers. The reference distortion 
chosen is normally less than one per 
cent, or considerably lower than the 
EIA value of 5 per cent used by 
packaged-equipment manufacturers. 

A second IHF method is called 
the “transient distortion” test. This 
method requires a complex setup in¬ 
cluding a low-distortion modulator 
with a prescribed output rise time 
and other equipment. The modulator 
output is required to have a rise time 
of 10 to 20 milliseconds to simulate 
the envelope rise time of music and 
speech. This measurement is made 
using the internal supply of the am¬ 
plifier and, consequently, includes 
distortion caused by voltage decay, 
power-supply transients, and ripple. 
This method tends to be more real¬ 
istic and to yield lower power-output 
ratings than the constant-supply 
method. Actually, both IHF methods 
should be used, and the lowest power 
rating obtained at reference distor¬ 
tion with both channels operating, 
both in and out of phase, should be 
used as the power rating. (There is 
some question concerning unanimity 
among high-fidelity manufacturers 
on actually performing both IHF 
tests.) 

Because music is not a continuous 
sine wave, and has average power 
levels much below peak power levels, 
it would appear that the music 
power or dynamic power ratings are 
true indications of a power ampli¬ 
fier’s ability to reproduce music 
program material. The problem is 
that all three methods described 
have a common flaw. Even the 
transient-distortion method fails to 
account for the ability of the audio 
amplifier to reproduce power peaks 
while it is already delivering some 
average power. The amplifier is al¬ 
most never delivering zero output 
when it is called on to deliver a 
transient. For every transient that 
occurs after an extremely quiet pas¬ 
sage or zero signal, there are hun¬ 
dreds that are imposed on top of 
some low but non-zero average 
power level. 
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This condition can best be clari¬ 
fied by consideration of the power 
supply. Many amplifiers have regu¬ 
lated supplies for the front-end or 
low-level stages, but almost none 
provides a regulated supply for the 
power-output stages because regu¬ 
lation requires extra transistors or 
other devices; it becomes costly, es¬ 
pecially at high power levels. The 
power supply for the output stages 
of power amplifiers is commonly a 
nonregulated rectifier supply hav¬ 
ing a capacitive input filter. The out¬ 
put voltage of such a supply is a 
function of the output current and, 
consequently, of the power output 
of the amplifier. 


Effect of power-supply regulation: 
Power-supply regulation is depend¬ 
ent on the amount of effective in¬ 
ternal series resistance present in 
the power supply. The effective 
series resistance includes such things 
as the dc resistance of the trans¬ 
former windings, the amount and 
type of iron used in the trans¬ 
former, the amount of surge re¬ 
sistance present, the resistance of 
the rectifiers, and the amount of 
filtering. The internal series re¬ 
sistance causes the supply voltage 
to drop as current is drawn from the 
supply. 

Fig. 390 shows a typical regula¬ 
tion curve for a rectifier power sup¬ 
ply that has a capacitive input filter. 


MAGNITUDE OF THE 

- CONSTANT SLOPE- 

BETWEEN THESE TWO 
POINTS* EFFECTIVE- 
SERIES RESISTANCE 
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Fig. 390—Regulation curve for capacitive 
rectifier power supply. 


The voltage is a linear function of 
the average supply current over 
most of the useful range of the 
supply. However, a rapid change in 
slope occurs in the regions of both 
very small and very large currents. 
In class B amplifiers, the no-signal 
supply current normally occurs be¬ 
yond the low-current knee, and the 
current required for the amplifier 
at the clipping level occurs before 
the high-current knee. The slope be¬ 
tween these points is nearly linear 
and may be used as an approxima¬ 
tion of the equivalent series re¬ 
sistance of the supply. 

The amount of power lost depends 
on the quality of the power supply 
used in the amplifier. Accordingly, 
rating amplifier power output with 
a superb external power supply 
(that is, not using the built-in am¬ 
plifier power supply) provides false 
music power outputs. Under actual 
usage, the output is lower. 

It should be emphasized that, 
while there is a discrepancy be¬ 
tween the actual power available 
and the power measured under the 
EIA Music Power or the IHF Dy¬ 
namic Power methods, these meth¬ 
ods are not without merit. The IHF 
dynamic power rating, in conjunc¬ 
tion with the continuous power rat¬ 
ing, produces an excellent indication 
of how the amplifier will perform. 
The EIA music power rating, which 
is measured at a total harmonic dis¬ 
tortion of 5 per cent with a regu¬ 
lated power supply, provides a less 
adequate indication of amplifier per¬ 
formance because there is no indi¬ 
cation of how the amplifier power- 
supply voltage reacts to power out¬ 
put. 

Some important factors consid¬ 
ered by packaged-equipment manu¬ 
facturers, the primary users of the 
EIA music power rating, are mostly 
economic in nature and affect many 
aspects of the amplifier perform¬ 
ance. Because there is no continu¬ 
ous power output rating required, 
two amplifiers may receive the same 
EIA music power rating but have 
different continuous power ratings. 
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The ratio of music power to con¬ 
tinuous power is, of course, a func¬ 
tion of the regulation and effective 
series resistance of the supply. 

One reason for the difference be¬ 
tween ratings used by the console 
or the packaged-equipment manu¬ 
facturer and those used by the hi-fi 
component manufacturer is that the 
latter does not always know just 
what will be required of the ampli¬ 
fier. The console manufacturer al¬ 
ways designs an amplifier as part of 
a system, and consequently knows 
the speaker impedances and the 
power required for adequate sound 
output. The console manufacturer 
may use high-efficiency speakers re¬ 
quiring only a fraction of the power 
needed to drive many component- 
type acoustic-suspension systems. 
The difference may be such that the 
console may produce the same sound 
pressure level with an amplifier hav¬ 
ing one-tenth of the power output. 
High ratios of music-power to con¬ 
tinuous-power capability are com¬ 
mon in these consoles. A typical 
ratio of IHF music power to con¬ 
tinuous power may be 1.2 to 1 in 
component amplifiers, whereas a 
typical ratio of EIA music power 
to continuous power in a console 
system may be 2 to 1. Console manu¬ 
facturers use the EIA music power 
rating to economic advantage as a 
result of the reduced regulation re¬ 
quirement of the power supply. A 
high ratio of music power to con¬ 
tinuous power means higher effec¬ 
tive series resistance in the power 
supply. This resistance, in turn, 
means less continuous dissipation 
on the output transistors, smaller 
heat sinks, and a lower-cost power 
supply. 


Basic Power-Dissipation Rela¬ 
tionships—Under ideal conditions 
(i.e., with a perfectly regulated dc 
power supply), maximum transistor 
power dissipation in a class B audio 
output stage, such as the comple¬ 
mentary circuits shown in Fig. 391, 
is approxiihately 20 per cent of the 


maximum undipped sine-wave power 
output and occurs when the output 
stage is delivering approximately 40 


Jdc Es/2 
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Fig. 391—Typical complementary- 

symmetry circuits. 

per cent of the maximum output 
power to the load. Clipping begins 
at the point where the peak collector 
current Ipk is given by 

_ Eo XT 

“ Ra + 2 ,7 Ri, 

Power output at clipping can then 
be expressed as follows: 

P„ (clipping) = R.)^ 

If Rs 0 is substituted in the 
above equation, the power output 
may be expressed as follows: 

Po = Eo“/8 Rl 

This value is equivalent to the 
power output just prior to clipping 
with a fully regulated supply and, 
for the remainder of this discussion, 
is referred to as the music power 
output. [This definition of music 
power output, i.e., as the maximum 
unclippued sine-wave power output, 
differs from the EIA standard (RS- 
234-A), which definies the music 
power output as the point at which 
the total harmonic distortion is 5 
per cent when a regulated supply 
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is used. The EIA value is about 10 
per cent greater.] 

Maximum average transistor dis¬ 
sipation is related to the music 
power output by the following ex¬ 
pression : 

Pt (max) _ r Rs ”1 —1 

Po (music) ~ L 2 Rl J 

The power output at which maxi¬ 
mum average transistor dissipation 
occurs Po (max diss.) is related to 
the music power output as follows: 


Po (max diss.) 
Po (music) 


r R.S Rs" 1-1 
L 4 + Rl tt" Rl" J 

The continuous power output at 
the clipping level, Po (clipping), is 
related to the music power output 
by the following expression: 

Po (clipping) _ 

Po (music) ~ 




1 + 


Rs 

TT Rl 


+ 


Rs" 1 -1 

4 tt" Rif 


The three equations above are 
plotted in Fig. 392. Power levels are 
normalized with respect to the music 
power output and are plotted as a 
function of Rs/Rl. 

The equations plotted in Fig. 392 
suggest some interesting possibili¬ 
ties. Transistor power dissipation is 
only a small fraction of the clipping 
power output for higher ratios of 
Rs/Rl. For example, a 100-watt am¬ 
plifier could be built using transis¬ 
tors and associated heat sinks capa¬ 
ble of only about 7 watts of maxi¬ 
mum dissipation each. 

The equations presented, however, 
do not consider high line voltage or 
effects of ripple voltage. Calcula¬ 
tions for average transistor dissi¬ 
pation should also include no-signal 
bias dissipation and the increase in 



_CUPPING POWER OUTPUT.. 

, ^ (CONTINUOUS) 1 

I I I 

-POWER OUTPUT AT— 
MAXIMUM TRANSISTOR 
DISSIPATION 


MAXIMUM 
TRANSISTOR DISSIPATION 
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Fig. 392—Power output and dissipation as 
functions of and R^. 


bias dissipation with increasing am¬ 
bient and junction temperatures in 
class AB circuits. Storage effects, 
phase shift, and thermal tracking 
should also be considered. 

Of the above factors, bias dissi¬ 
pation probably contributes the 
greatest percentage of average 
worst-case transistor dissipation. 
The output stage is usually biased 
on slightly (class AB) to reduce 
cross-over distortion. 

It is possible, however, to design 
amplifiers for which bias dissipation 
is not a problem. One such ampli¬ 
fier is shown in Fig. 393. The bias 
dissipation in this amplifier is neg¬ 
ligible at all practical temperatures. 
One side is cut off and the other 
conducts less than one milliampere. 
Thermal runaway cannot be initiated 
in the output stage at any junction 
temperature below its maximum 
rating. Consequently, thermal track¬ 
ing may also be neglected so long 
as the ambient temperature plus the 
product of the instantaneous dissi¬ 
pation times the junction-to-ambient 
thermal resistance is less than the 
maximum junction temperature rat¬ 
ing. 

Storage effects are also reduced 
as a result of the reverse bias pro¬ 
vided for the off-transistor by the 
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on-transistor in complementary sym¬ 
metry. This circuit, then, is one 
practical example of an amplifier 
capable of achieving the character¬ 
istics shown in Fig. 392. 

Ratio of Music Power to Continu¬ 
ous Power—Some advantages of 
high values of the ratio Rs/Rl and 
correspondingly high ratios of 
music power output to transistor 
dissipation are as follows: 

1. Reduced heat sink or transistor 
cost: Because the volt-ampere ca¬ 
pacity of the transistor is deter¬ 
mined by the music power output, 
it is not likely that reduced thermal- 
resistance requirements will produce 
significant cost reductions. Alterna¬ 
tively, the heat-sink requirements 
may be reduced. 

2. Reduced power supply costs: 
Transformer and/or filter-capacitor 
specifications may be relaxed. 

3. Reduced speaker cost: Continu¬ 
ous power-handling capability may 
be relaxed. 

These cost reductions may be 
passed along to the consumer in the 
form of more music power per 
dollar. 

The question arises as to how 
high the ratio Rs/Rl and the corre¬ 


sponding ratio of music power out¬ 
put to continuous power output may 
go before the capability of the am¬ 
plifier to reproduce program ma¬ 
terial is impaired. 

The objective is to provide the 
listener with a close approximation 
of an original live performance. 
Achievement of this objective re¬ 
quires the subjective equivalents of 
sound pressure levels that approach 
those of a concert hall. Although the 
peak sound pressure level of a live 
performance is about 100 dB, the 
average listener prefers to operate 
an audio system a a peak sound 
pressure level of about 80 dB. The 
amplifier, however, should also ac¬ 
commodate listeners who desire 
higher-than-average levels, perhaps 
to peaks of 100 dB. 

A sound pressure level of 100 dB 
corresponds to about 0.4 watt of 
acoustic power for an average room 
of about 3,000 cubic feet. If speaker 
efficiencies are considered to be in 
the order of 1 per cent, a stereo¬ 
phonic amplifier must be capable of 
delivering about 20 watts per chan¬ 
nel. Higher power outputs are re¬ 
quired for lower-efficiency speakers. 
The peak-to-average level for most 
program material is between 20 and 
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23 dB. A system capable of provid¬ 
ing a continuous level of 77 dB and 
peaks of 100 dB would satisfy the 
power requirements of nearly all 
listeners. For this performance to 
be attained, the power-supply volt¬ 
age cannot drop below the voltage 
required for 100 dB of acoustic 
power while delivering the average 
current required for 77 dB. More¬ 
over, because sustained passages 
that are as much as 10 dB above the 
average may occur, the power-supply 
voltage cannot drop below the value 
required for 100 dB of acoustic 
power while delivering 87 dB of 
acoustic power (87 dB of acoustic 
power corresponds to about 1 watt 
per channel). This performance 
means that for 8-ohm loads, with 
output-circuit losses neglected, the 
power-supply voltage must not de¬ 
crease to a value less than 36 volts, 
while delivering the average cur¬ 
rent required for 1 watt per channel 
(0.225 ampere dc). 

It should be noted that the power- 
output capability for peaks while 
the amplifier is delivering a total of 
2 watts is not the music power rat¬ 
ing of the amplifier because the 
power-supply voltage is below its 
no-signal value by an amount de¬ 
pending on its effective series re¬ 
sistance. 

Maximum Effective Series Re¬ 
sistance—There is a relationship be¬ 
tween the maximum effective series 
resistance of the power supply and 
the music power rating of the am¬ 
plifier if it is to perform to the 
standards as outlined above. 

The power-supply series resistance 
Rs may be expressed as a function 
of music-power output, as follows: 


Rs = 


(8Rl) Po (music) 

Y 

Es (min) 


1/2 


I 


where Es(min) is the minimum volt¬ 


age required for 100 dB of acous¬ 
tical power output and I is the cur¬ 
rent required for 87 dB of acoustical 
power output, less the idle current. 
[Es(min) should, in practice, be 
increased by peak output-circuit 
voltage losses.] 

The equation for Rs given above 
is plotted in Fig. 394. The value of 
Rs is the absolute maximum value 
of effective supply resistance for 
each music-power value that will 
allow the amplifier to deliver a mini- 



Fig. 394 — Power-supply regulation curve. 

mum of 100 dB of acoustical power 
output as described above. 

Use of Fig. 395 in conjunction 
with Fig. 392 shows that very high 
ratios of music power output to 
continuous power output may be 
employed without sacrifice of the 
subjective ability of the amplifier 
to reproduce program material. This 



MUSIC-POWER OUTPUT PER CHANNEL—W 
92CS-25907 

Fig. 395—Maximum effective series re¬ 
sistance as a function of 
music power output. 
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technique provides economic advan- 
tages while adhering to a minimum 
^^power margin” for the faithful re¬ 
production of program material, 
even at loud levels. 


Thermal-Stability 

Requirements 

One serious problem that con¬ 
fronts the design engineer is the 
achievement of a circuit which is 
thermally stable at all temperatures 
to which the amplifier might be ex¬ 
posed. As previously discussed, 
thermal runaway may be a problem 
because the Vbe of all transistors 
decreases at low current. It should 
be noted, however, that at high cur¬ 
rent levels the base-to-emitter volt¬ 
age of silicon transistors increases 
with a rise in junction temperature. 
This characteristic is the result of 
the increase in the base resistance 
that is produced by the rise in tem¬ 
perature. The increase in base re¬ 
sistance helps to stabilize the tran¬ 
sistor against thermal runaway. In 
high-power amplifiers, the emitter 
resistors employed usually have a 
value of about 1 ohm or less. The 
size of the capacitor required to by¬ 
pass the emitter adequately at all 
frequencies of interest makes this 
approach economically impractical. 
A more practical solution is to in¬ 
crease the value of the emitter re¬ 
sistor and shunt it with a diode. 
With this technique, sufficient de¬ 
generation is provided to improve 
the circuit stability; at low currents, 
however, the maximum voltage drop 
across the emitter resistor is limited 
to the forward voltage drop of the 
diode. 

The quasi-complementary ampli¬ 
fier shown in Fig. 396 incorporates 
the stabilization techniques de¬ 
scribed. A resistor-diode network is 
used in the emitter of transistor Qa, 
and another such network is used in 
the collector of transistor Q 5 , with 
the emitter of transistor Q 4 returned 
to the collector of transistor Qs. Pre¬ 
vious discussion regarding the p-n-p 


driver and n-p-n output combina¬ 
tion (Q 4 and Qs) showed that the 
collector of the output device be¬ 
comes the “effective” emitter of the 
high-gain, high-power p-n-p equiva¬ 
lent, and vice versa. For maximum 
operating-point stability, therefore, 
the diode-resistor network should be 
in the “effective” emitter of the 
p-n-p equivalent. Quasi-complemen¬ 
tary circuits employing the stabili¬ 
zation resistor in the emitter of the 
lower output transistor, as shown in 
Fig. 383, do not improve the operat¬ 
ing-point stability of the over-all 
circuit. 

The circuit shown in Fig. 396 is 
biased for class AB operation by 
the voltage obtained from the for¬ 
ward drop of two diodes, Di and 
Do, plus the voltage drop across 
potentiometer R, which affords a 
means for a slight adjustment in 
the value of the quiescent current. 
The current necessary to provide 
this voltage reference is the collec¬ 
tor current of driver transistor Qi. 



Fig. 396 — Quasi-complementary amplifier 
that incorporates two stabilization net¬ 
works. 


The diodes may be thermally con¬ 
nected to the heat sink of the output 
transistors so that thermal feed- 
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back is provided for improvement 
of further thermal stability. Be¬ 
cause the forward voltage of the 
reference diodes decreases with in¬ 
creasing temperature, these diodes 
compensate for the decreasing Vre 
of the output transistors by reducing 
the external bias applied. In this 
way, the quiescent current of the 
output stage can be held relatively 
constant over a wide range of op¬ 
erating temperatures. 

Effects of Large 
Signal Phase Shifts 

The amplifier frequency-response 
characteristic is an important fac¬ 
tor with respect to the ability of the 
amplifier to withstand unusually se¬ 
vere electrical stress conditions. For 
example, under certain conditions 
of input-signal amplitude and fre¬ 
quency, the amplifier may break into 
high-frequency oscillations which 
can lead to destruction of the out¬ 
put transistors, the drivers, or both. 
This problem becomes quite acute 
in transformer-coupled amplifiers 
because the characteristics of trans¬ 
formers depart from the ideal at 
both low and high frequencies. The 
departure occurs at low frequencies 
because the inductive reactance of 
the transformer decreases, and at 
high frequencies because the effects 
of leakage inductance and trans¬ 
former winding capacitance become 
appreciable. At both frequency ex¬ 
tremes, the effect is to introduce a 
phase shift between input and out¬ 
put voltage. 

Negative feedback is used almost 
universally in audio amplifiers; the 
voltage coupled back to the input 
through the feedback loop may cause 
the amplifier to be potentially un¬ 
stable at some frequencies, especially 
if the additonal phase shift is suffi¬ 
cient to make the feedback positive. 
Similar effects can occur in trans¬ 
formerless amplifiers because reac¬ 
tive elements (such as coupling and 
bypass capacitors, transistor junc¬ 
tion capacitance, stray wiring ca¬ 


pacitance, and inductance of the 
loudspeaker voice coil) are always 
present. The values of some of the 
reactive elements (e.g., transistor 
junction capacitance and trans¬ 
former inductance as the core nears 
saturation) are functions of the sig¬ 
nal level; coupling through wiring 
capacitance and unavoidable ground 
loops may also vary with the signal 
level. As a result, an amplifier that 
is stable under normal listening 
levels may break into oscillations 
when subjected to high-level signal 
transients. 

A large phase shift is not only a 
potential cause of amplifier instabil¬ 
ity, but also results in additional 
transistor power dissipation and in¬ 
creases the susceptibility of the tran¬ 
sistor to forward-bias second- 
breakdown failures. The effects of 
large-signal phase shifts at low fre¬ 
quencies are illustrated in Fig. 397, 
which shows the load-line charac¬ 
teristics of a transistor in a class 
AB push-pull circuit similar to that 
shown in Fig. 396 for signal fre¬ 
quencies of 1000 Hz and 10 Hz. The 
phase shift is caused primarily by 
the output capacitor. In both cases, 
the amplifier is driven very strongly 
into saturation by a 5-volt input sig¬ 
nal. The increased dissipation at 10 
Hz, compared to that obtained at 
1000 Hz, results from simultaneous 
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Fig. 397—Effect of large signal phase 
shift on the load-line characteristics of a 
transistor at low frequencies. 
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high-current high-voltage operation. 
The transistor is required to handle 
safely a current of 0.75 ampere at 
a collector voltage of 40 volts for an 
equivalent pulse duration of about 
10 milliseconds; it must be free from 
second-breakdown failures under 
these conditions. 

Effect of Excessive Drive 

Simultaneous high-current high- 
voltage operation may also occur 
in class B amplifiers at high fre¬ 
quencies when the amplifier is over¬ 
driven to the point that the output 
signals are clipped. For example, if 
the input signal applied to the 
series-output push-pull circuit shown 
in Fig. 398(a) is large enough to 
drive the transistors into both satu¬ 
ration and cutoff, transistor A is 
drive into saturation, and transis¬ 
tor B is cut off during a portion of 
the input cycle. Fig. 398(b) shows 
the collector-current waveform for 
transistor A under these conditions. 

During the interval of time from 
tz to t 3 , transistor A operates in the 
saturation region, and the output 
voltage is clipped. The effective 
negative feedback is then reduced 
because the output voltage does not 
follow the sinusoidal input signal. 
Transistor A, therefore, is driven 
even further into saturation by the 
unattenuated input signal. When 
transistor B starts to conduct, tran¬ 
sistor A cannot be turned off im¬ 
mediately because the excessive drive 
results in a large storage time. As 
a result, transistor B is required to 
support almost the full supply volt¬ 
age (less only the saturation voltage 
of transistor A and the voltage drop 
across the emitter resistors, if 
used) as its current is increased by 
the drive signal. For this condition 
to occur, a large input signal is re¬ 
quired at a frequency high enough 
so that the storage time is greater 
than one-quarter cycle. 

Because of the charging current 
through the output coupling capaci¬ 
tor, transistor A in Fig. 398(a) is 


+Vcc 
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Fig. 398 — (a) Class B series-output stage, 
(b) collector-current waveform under over¬ 
drive (clipping) conditions. 

also subject to forward-bias second- 
breakdown failure if the dc supply 
voltage and a large input signal are 
applied simultaneously. 

All of these conditions point to 
the need for a good “safe area” of 
operation. Fig. 399 shows the safe 
area for the RCA-2N3055. In all 
cases, the load lines fall within the 
area guaranteed safe for this tran¬ 
sistor. 
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Fig. 399 — Safe-area-of-operation rating 

chart for the RCA-2N3055 hornotaxial-base 
transistor. 

Short-Circuit Protection 

Another important consideration 
in the design of high-power audio 
amplifiers is the ability of the cir¬ 
cuit to withstand short-circuit con¬ 
ditions. As previously discussed, 
overdrive conditions may result in 
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disastrously high currents and ex¬ 
cessive dissipation in both driver 
and output stages. Obviously, some 
form of short-circuit protection is 
necessary. One such technique is 
shown in Fig. 400. A current¬ 
sampling resistor R is placed in the 



Fig. 400 — Push-pull power amplifier with 
short-circuit protection. 


ground leg of the load. If any con¬ 
dition (including a short) exists 
such that higher-than-normal load 
current flows, diodes Di and D 2 
conduct on alternate half-cycles and 
thus provide a high negative feed¬ 
back which effectively reduces the 
drive of the amplifiers. This feed¬ 
back should not exceed the stability 
margin of the amplifier. This tech¬ 
nique in no way affects the normal 
operation of the amplifier. 

A second approach to current 
limiting is illustrated by the circuit 
shown in Fig. 401. In this circuit, 
a diode biasing network is used to 
establish a fixed current limit on the 
driver and output transistors. Under 
sustained short-circuit conditions, 
however, the output transistors are 
required to support this current 
limit and one-half the dc supply 
voltage. 

The circuit shown in Fig. 402 il¬ 
lustrates a dissipation-limiting tech¬ 
nique that provides positive protec¬ 
tion under all loading conditions. 
The limiting action of this circuit is 



Fig. 401 — 25-watt (rms) quasi-complementary audio amplifier using current-limiting 

diodes (Ds and Dj). 
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+Vcct+40V) 



Fig. 402 — Quasi-complementary audio out¬ 
put in which diode-resistor biasing net¬ 
work is used to prevent complementary 
transistors Qi and from being forward- 
biased by the output voltage swing. 

shown in Fig. 403. This safe-area 
limiting technique permits use of 
low-dissipation driver and output 
transistors and of smaller heat sinks 
in the output stages. The use of 
smaller heat sinks is possible be¬ 
cause the worst-case dissipation is 
normal 4-ohm operation instead of 
short-circuit conditions. With this 
technique, highly inductive or ca¬ 
pacitive loads are no longer a prob¬ 
lem, and thermal cut-outs are un¬ 
necessary. In addtion, the technique 
is inexpensive. 

TYPICAL AMPLIFIER CIRCUITS 

Table XXXVI lists a broad variety 
of power transistors that are spe¬ 
cially characterized for audio-ampli¬ 
fier applications at rms power-output 
levels from 12 watts to 200 watts. 
Even higher power outputs can be 
obtained by connections of several 


output transistors in parallel. The 
transistors listed in Table XXXVI 
are classified according to function 
in the circuit for which each type is 
recommended. Ratings and charac¬ 
teristics data for these transistors 
and the circuit diagram and per¬ 
formance data for the amplifier cir¬ 
cuits listed in the table are given 
in RCA technical data bulletins. File 
Nos. 642 through 653 and 791. 

RCA also offers several mono¬ 
lithic integrated circuits, such as 
the CA3007, the CA3020 and 
CA3020A, and the CA3094 series, 
that are useful as audio drivers and 
low-level output stages. The follow¬ 
ing paragraphs illustrate the use of 
the integrated circuits and many of 
the transistors listed in Table 
XXXVI in typical audio power am¬ 
plifiers. 
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Fig. 403—Load lines for the circuit of 
Fig. 402. Load lines showing effect of the 
inclusion of high-resistance diode-resistor 
network in the forward-biasing path of 
Qi are shown dotted. 

Integrated-Circuit Audio Driver 

The RCA-CA3007 integrated-cir¬ 
cuit audio driver is a balanced dif¬ 
ferential configuration with either a 
single-ended or a differential input 
and two push-pull emitter-follower 
outputs. The circuit is intended for 
use as a direct-coupled driver in a 
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class B audio amplifier which ex¬ 
hibits both gain and operating-point 
stability over the temperature range 
from —55 to 125°C. Because of its 
circuit configuration (a balanced dif¬ 
ferential pair fed by a constant- 
current transistor), the CA3007 is 
an excellent controlled-gain audio 
driver for systems requiring audio 
squelching. This circuit is also us¬ 
able as a servo driver. The audio 
driver circuit is available in a 12- 
terminal TO-5 low-silhouette pack¬ 
age. 

Dual-Supply Audio Driver in a 
Direct-Coupled Audio Amplifier— 
Fig. 404 shows the CA3007 used as 
a dual-supply audio driver in a 
direct-coupled audio amplifier. This 
amplifier provides a power output of 
300 milliwatts for an audio input 
of 0.3 volt rms (Vcc = 6 volts, Vee 
= —6 volts, V = 30 volts). For a 
voltage V of 6 volts, the output 
power is 10 milliwatts without trans¬ 
former optimization; the use of a 
lower-impedance transformer would 
permit power outputs in the order of 
100 milliwatts. 


The external resistor R connected 
between terminals 3 and 4 is used 
to set the class B output-stage 
standby current as required for a 
particular application. If the standby 
current is too low, crossover distor¬ 
tion will result; if it is too high, 
standby power drain will be exces¬ 
sive. Decreasing the value of resistor 
R reduces the standby current; for 
a standby current of 10 milliam- 
peres, R is typically 10,000 ohms. 

Terminal 2 must be grounded or, 
if an audio squelch is desired, must 
be connected to a positive voltage 
supply of 5 volts minimum. When 
terminal 2 is near ground, the audio 
amplifier functions normally. When 
terminal 2 is at 5 volts, the differen¬ 
tial pair of the audio driver satu¬ 
rates, and the push-pull output 
stage is cut off. The squelch source 
must be capable of supplying a cur¬ 
rent of 1.5 milliamperes in the 5- 
volt conditon, and 0.75 milliampere 
in the near-ground condition. 

Table XXXVII shows values of 
harmonic distortion and intermodu¬ 
lation distortion for the amplifier. 



Fig. 404 — CA3007 used as an audio driver for a direct-coupled 300-milliwatt audio 

amplifier. 
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Table XXXVI—Types for Audio-Frequency Linear Amplifiers 


Power 
Output 
(8 ^2 Imped.) 

Bull. 

File No. 

Circuit 

No. 

Outr 

Transi 

N-P-N 

>ut 

stors 

P-N-P 

Class B 
Trans 
N-P-N 

Driver 

istors 

P-N-P 

Vgg Mult. 
(Bias) 

12W 

642 

A012B 
(True Comp.) 

RCA1C10 

(2N6292) 

RCA1C11 

(2N6107) 

- 

- 

- 

642 

A012D 
(1C Driving 
True Comp.) 

RCA1C10 

(2N6292) 

RCA1C11 

(2N6107) 

- 

- 

- 

25 W 

643 

A025C 

(Quasi-Comp.) 

RCA1C14 

121 

(2N5496) 

- 

RCA1A06 

(2N2102) 

RCA1A05 

(2N4036) 

- 

644 

A025B 

(Full-Comp.) 

RCA1C05 

(2N6292) 

RCA1C06 

(2N6107) 

RCA1A06 

(2N2102) 

RCA1A05 

(2N4036) 

- 

40 W 

645 

A040C 

(Quasi-Comp.) 

RCA1C09 

[2] 

(2N6103) 

- 

RCA1A06 

(2N2102) 

RCA1A05 

(2N4036) 

- 

646 

A040B 

(Full-Comp.) 

RCA1C07 

(2N6488) 

RCA1C08 

(2N6491) 

RCA1A06 

(2N2102) 

RCA1AOS 
(2N4036) 

- 

791 

A040D 

(Full-Comp. 

Darlington 

Output) 

RCA1B07 

(2N6385) 

RCA1B08 

(TA8925) 

- 


RCA1A18 

(2N2102) 

70 W 

647 

A070A 
(Quasi-Comp. 
Horn. Output) 

RCA1B01 

[2] 

(2N3055) 

- 

RCA1A03 

(2N5320) 

RCA1A04 

(2N5322) 

- 

1 

648 

A070C 

(Quasi-Comp.) 

RCA1B06 

[21 

(2N5840) 

- 

RCA1C03 

(2N6474) 

RCA1A04 

(2N6476) 

RCA1A18 

(2N2102) 

120 W 

649 

A120C 
(Quasi-Comp. 
Parallel Output) 

RCA1B04 

[41 

(2N5240) 

- 

RCA1C12 

(2N6474) 

RCA1C13 

(2N6476) 

RCA1A18 

(2N2102) 

200 W 

650 

A200C 
(Quasi-Comp. 
Parallel Output) 

RCA1B05 

[61 

(2N5240) 

1 

- 

RCA1B05 

[21 

(2N5240) 

__ 1 

RCA1A18 

(2N2102) 

1 _ 


Numbers in brackets indicate number of devices used in the stage. 

Type numbers in parentheses indicate the transistor-family designation. 


Typical Power Output for 4 Q, and 16 ^2 Load for AF Linear Amplifiers 


Amplifier 

Circuit No. 

A012B 

A012D 

A025A 

A025B 

A040A 

A040B 

A040D 

A070A 

A070C 

A120C 

A200C 1 

Impedance — i2 
(Load) 

4 

16 

4 

16 

4 

16 

4 

16 

4 

16 

4 

16 

4 

8 

4 

D 

4 

16 

4 

16 

4 

16 

Typical Power 
Output - W 

12* 

6.5 

9* 

6.5 

45 

16 

45 

16 

55 

25 

75 

25 

40 

30 

100 

40 

100 

50 

180 

80 

300 

130 


•Power output limited by driver-circuit capability. 
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Table XXXVI—Types for Audio-Frequency Linear Amplifiers (cont’d) 


Class B P 
Trans 
N-P-N 

re-Oriver 

stors 

P-N-P 

Protectio 

N-P-N 

n Circuit 
P-N-P 

Class A 
Tran 
N-P-N 

’re-Driwer 

sistors 

P-N-P 

Input 

Devices 

- 

- 

- 


- 

RCA1A08 

(2N4036) 

RCA1A07 

[2] 

(2N2102) 

- 

- 

- 

- 

- 

- 

CA3094AT 

- 

- 

RCA1A18 

(2N2102) 

RCA1A19 

(2N4036) 

RCA1A01 

(2N2102) 

- 

RCA1A02 

[21 

(2N4036) 

- 


RCA1A18 

(2N2102) 

RCA1A19 

(2N4036) 

RCA1A01 

(2N2102) 


RCAlA02 
[2] 

(2N4036) 



RCA1A18 

(2N2102) 

RCA1A19 

(2N4036) 

RCA1A01 

(2N2102) 

- 

RCA1A02 

[2] 

(2N4036) 

- 


RCA1A18 

(2N2102) 

RCA1A19 

(2N4036) 

RCA1A01 

(2N2102) 

- 

RCAlA02 
[2] 

(2N4036) 


- 

RCA1A18 

(2N2102) 

RCA1A19 

(2N4036) 

RCA1A15 

[21 

(2N3440) 

RCAl A16 
12] 

(2N5416) 

RCA1A17 

[21 

(2N2102) 

- 


RCA1A18 

(2IM2102) 

RCA1A19 

(2N4036) 

RCA1A17 

(2N2102) 

- 

RCA1A02 

12] 

(2N4036) 



RCA1A18 

(2N2102) 

RCA1A19 

(2N4036) 

RCA1A15* 

12] 

(2N3439) 

RCAlA16 
[2] 

(2IM5415) 

RCA1A17 

[2] 

(2N2102) 



RCA1A18 

(2N2102) 

RCA1A19 

(2N4036) 

RCA1A09" 

[2] 

(2N3439) 

RCAlA10 
12) 

(2I\15415) 

RCA1A11 

[21 

(2N3439) 

RCA1E02 

(1N3585) 

RCA1E03 

1 (2N6211) 

RCA1A18 

(2N2102) 

RCA1A19 

(2N4036) 

RCA1A09" 

[2] 

(2N3439) 

RCAlA10 
[2] 

(2N5415) 

RCA1A11 

[2] 

(2N3439) 


■ Current Source 


Other applications for the types above. . . 

Audio Power Amplifiers-Linear Modulators-Servo Amplifiers-Operational Amplifiers 


Single-Supply Audio Driver in a 
Capacitor-Coupled Audio Amplifier 
—Fig. 405 shows the CA3007 used 
as a single-supply audio driver in 


a capacitor-coupled audio amplifier. 
This amplifier provides a power out¬ 
put of 30 milliwatts for an audio 
input of 6.5 millivolts rms (Vco = 
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Table XXXVII—Distortion Measurements for Direct-Coupled 
Amplifier Shown in Fig. 404 


HARMONIC DISTORTION 


Power 
Output 

(mW) 2 kHz U kHz 6 kHz 

62^5 1000 9 3.0 

140 1500 18 4.0 

250 2000 25 4.2 

330 2300 27 6.0 


Harmonic 

Distortion 


kHz 

10 kHz 

12 kHz 

(%) 

— 

_ 

_ 

0.95 

2.0 

1.4 

1.0 

1.24 

5.0 

1.0 

1.5 

1.30 

9.0 

3.0 

2.0 

1.27 


Output-Signal Level (mVrms) 
with 2-kHz Input Signal 


INTERMODULATION DISTORTION 
Output-Signal Level: 

at fi (2 kHz) . 

at fa (3 kHz) . 

at 2f.-fx (4 kHz) . 

3rd-Order IMD . 


1000 mV rms 
1000 mV rms 
0.7 mV rms 
0.07 % 


9 volts) with the transformer 
shown. 

The connection shown in Fig. 405 
still represents a differential-pair 


phase splitter fed from a constant- 
current transistor. The two output 
signals from the phase splitter are 
direct-coupled through two emitter- 


Vcc<9V) 



Fig. 405 — CA3007 used as an audio driver for a 30-miltiwatt audio amplifier. 
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followers which are capacitor- 
coupled to the push-pull output 
stage. Because of the ac coupling, 
there is no longer a dc dependence 
between the driver and the output 
stage, and any desired audio output 
design or drive source may be used. 
As a single stage, the CA3007 audio 
driver provides a voltage gain of 
24 dB for a dc power dissipation of 
20 milliwatts with the harmonic dis¬ 
tortion reaching 3 per cent for out¬ 
puts of 0.6 volt rms at terminals 8 
and 10 (without feedback). 

Both dc and ac feedback loops are 
eliminated in the circuit of Fig. 405. 
Although the dc feedback loop is 
no longer required because of the 
ac coupling, removal of the ac feed¬ 
back loop causes the output power 
gain to decrease about 1 dB for a 
50 °C rise in temperature. 

Integrated-Circuit Audio 
Amplifiers 

The RCA CA3020 and CA3020A 
integrated circuits are multipurpose, 
multifunction power amplifiers de¬ 
signed for use as power-ou^-put am¬ 
plifiers and driver stages in portable 
and fixed communications equipment 
and in ac servo control systems. 

The CA3020 and CA3020A are 
designed to operate from a single 
supply voltage which may be as low 
as -f3 volts. The maximum supply 
voltage is dictated by the type of 
circuit operation. For transformer- 
loaded class B amplifier service, the 
maximum supply voltages are +9 
and -\-12 volts for the CA3020 and 
the CA3020A, respectively. When 
operated as a class B amplifier, 
either circuit can deliver a typical 
output of 150 milliwatts from a 
-}-3-volt supply or 400 milliwatts 
from a -f 6-volt supply. At +9 volts, 
the idling dissipation can be as low 
as 190 milliwatts, and either circuit 
can deliver an output of 550 milli¬ 
watts. An output of slightly more 
than 1 watt is available from the 
CA3020A when a -f 12-volt supply 
is used. 


The CA3020 and the CA3020A 
integrated-circuits are well suited 
for use in audio-amplifier applica¬ 
tions. These circuits may be used 
without transformers to drive a 
high-impedance speaker directly, or 
they may be used with power trans¬ 
formers to deliver power to a low- 
impedance speaker. They may also 
be used as transformer-coupled 
drivers for one or more power tran¬ 
sistors to develop up to 10 watts of 
audio output power. 

Basic Class B Amplifier—Fig. 406 
shows a typical audio-amplifier cir- 



Fig. 406—Basic class B audio amplifier 
circuit using the CA3020 or CA3020A. 

cuit in which the CA3020 or 
CA3020A can provide a power out¬ 
put of 0.5 or 1 watt, respectively. 
Table XXXVIII shows performance 
data for both types in this ampli¬ 
fier. The circuit can be used at all 
voltage and power-output levels ap¬ 
plicable to the CA3020 and 
CA3020A. 

The input transistor in the CA3020 
or CA3020A is connected as an 
emitter-follower stage at the input 
of the amplifier in Fig. 406 to pro¬ 
vide a high input impedance. Al¬ 
though many variations of biasing 
may be applied to this stage, the 
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Table XXXVIII—Typical Performance of CA3020 and CA3020A in 
Circuit of Fig. 406* 


Characteristics 

CA3020 

CA3020A 


Power Supply — Vi-" . 

. 9 

9 

V 

. 

. 9 

12 

V 

Zero-Signal Idling Current — Icci. 

. 15 

15 

mA 

lcC2 . 

. 24 

24 

mA 

Maximum-Signal Current — Icci . 

. 16 

16.6 

mA 

ICC2 . 

. 125 

140 

mA 

Maximum Power Output at 10% THD . 

. 550 

1000 

mW 

Sensitivity . 

. 35 

45 

mV 

Power Gain . 

. 75 

75 

dB 

Input Resistance . 

. 55 

55 

kl2 

Efficiency . 

. 45 

55 

% 

Signal-to-Noise Ratio . 

. 70 

66 

dB 

% Total Harmonic Distortion at 150 mW. 

. 3.1 

3.3 

% 

Test Signal . 

Equivalent Collector-to-Collector Load . 

. 1000 Hz/600n generator 

. 130 

200 

n 

Idling-Current Adjust Resistor (Rll) .. 

. 1000 

1000 

n 

* Integrated circuit mounted on a heat sink, Wakefield 209 Alum, or equiv. 




method shown is efficient and eco¬ 
nomical. The output of this buffer 
stage is applied to terminal 3 of the 
differential amplifier for proper 
balance of the push-pull drive to the 
output stages. Terminals 2 and 3 
must be bypassed for approximately 
1000 ohms at the desired low-fre¬ 
quency roll-off point. 

At low power levels, the cross-over 
distortion of the class B amplifier 
can be high if the idling current is 
low. For low cross-over distortion, 
the idling current should be approxi¬ 
mately 12 to 24 milliamperes, de¬ 
pending on the efficiency, idling dis¬ 
sipation, and distortion requirements 
of the particular application. The 
idling current may be increased by 
connection of a jumper between 
terminals 8 and 9. If higher levels of 
operating idling current are desired, 
a resistor (Rn) may be used to in¬ 
crease the regulated voltage at 
terminal 11 by a slight amount with 
additional current injection from the 
power supply Vi^. 

In some applications, it may be 
desirable to use the input transistor 
Q1 of the CA3020 or CA3020A for 


other purposes than the basic buffer 
amplifier shown in Fig. 406. In such 
cases, the input ac signal can be 
applied directly to terminal 3. 

The extended frequency range of 
the CA3020 and CA3020A requires 
that a high-frequency ac bypass ca¬ 
pacitor be used at the input terminal 
3. Otherwise, oscillation could oc¬ 
cur at the stray resonant frequen¬ 
cies of the external components, par¬ 
ticularly those of the transformers. 
Lead inductance may be sufficient to 
cause oscalliation if long power- 
supply leads are not properly ac by¬ 
passed at the CA3020 or CA3020A 
common ground point. Even the by¬ 
passing shown may be insufficient 
unless good high-frequency construc¬ 
tion practices are followed. 

Fig. 407 shows typical power out¬ 
put of the CA3020A at supply volt¬ 
ages of -f3, +6, +9, and -1-12 volts, 
and of the CA3020 at +6 and -|-9 
volts, as measured in the basic class 
B amplifier circuit of Fig. 406. The 
CA3020A has higher power output 
for all voltage-supply conditions be¬ 
cause of its higher peak-output-cur¬ 
rent capability. 
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0 


100 200 300 400 

COLLECTOR-TO-COLLECTOR LOAD 

RESISTANCE-OHMS 25919 


Fig. 407—Power output of the CA3020 
or CA3020A as a function of collector- 
to-collector load resistance Rcc- 


Fig*. 408 shows total harmonic dis¬ 
tortion (THD) as a function of 
power output for each of the voltage 
conditions shown in Fig. 407. The 
values of the collector-to-collector 
load resistance (Rcc) and the idling- 



92CS-259I9V2 

Fig. 408—Total harmonic distortion of the 
CA3020 or CA3020A as a function of 
power output. 

current adjust resistor (Rn) shown 
in the figure are given merely as a 
fixed reference; they are not neces¬ 
sarily optimum values. Higher idling- 
current drain may be desired for low 
cross-over distortion, or a higher 
value of Rcc may be used for better 
sensitivity with less power-output 
capability. Because the maximum 
power output occurs at the same con¬ 
ditions of peak-current limitations, 
the sensitivities at maximum power 
output for the curves of Figs. 407 
and 408 are approximately the same. 
Increasing the idling-current drain 
by reducing the value of resistor 


Rii also improves the sensitivity. 

Fig. 409 illustrates the improve¬ 
ment in cross-over distortion at low 
power levels. Distortion at 100 milli¬ 
watts is shown as a function of 



0 2 4 6 8 10 12 14 16 18 


IDLING CURRENT (Icc2^~ 

92CS-2592I 

Fig. 409—Total harmonic distortion as a 
function of idling current for a supply 
voltage of 6 volts and an output of 
100 milliwatts. 

idling current Icc 2 (output stages 
only). There is a small improvement 
in total harmonic distortion for a 
large increase in idling current as 
the current level exceeds 15 milli- 
amperes. 

The circuit shown in Fig. 406 may 
be used as a highly efficient class B 
audio power-output circuit in such 
applications as communications sys¬ 
tems, AM or FM radios, tape record¬ 
ers, phonographs, intercom sets, and 
linear mixers. 

545-Milliwatt Amplifier Driving a 
Low-Impedance Speaker—Fig. 410 
shows a circuit configuration that 
has the required characteristics for 
driving a conventional low-imped¬ 
ance speaker. The circuit shown uses 
a transformer capable of driving a 
3.2-ohm speaker; other transformers 
may be used to drive 8-ohm and 16- 
ohm speakers. This circuit has the 
following characteristics: 

Input voltage for full 

power output . 45 mV 

Maximum power output .... 545 mV 

Idling current . 22 mA 

Input resistance .50,000 ohms 

Total harmonic distortion at Pout == 
135 mW.3.3% 
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Signal-to-noise ratio (input voltage 


reference of 20 mV) . 77 dB 

-^9V 32 



Fig. 410 — 545-milliwatt amplifier driving 
a low-impedance speaker. 


4-Watt Class A Audio Amplifier— 
Fig, 411 shows a class A audio am¬ 
plifier in which the CA3020 or 
CA3020A is used with a driver trans¬ 
former, a 2N2148 power transistor, 
and an output transformer. This cir¬ 
cuit can deliver a power output of 
4 watts to an 8-ohm speaker for an 
input voltage of 18 millivolts, or 0.45 
watt for an input of 5.5 millivolts. 


Intercom—Fig. 412 illustrates the 
use of the audio amplifier shown in 
Fig. 406 in an intercom in which a 


+9V 



Fig. 412—Intercom using CA3020 or 
CA3020A. 



Fig. 411 — 4-watt audio amplifier. 
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listen-talk position switch controls 
two or more remote positions. Only 
the speakers, the switch, and the in¬ 
put transformer are added to the 
basic audio amplifier circuit. A suit¬ 
able power supply for the intercom 
could be a 9-volt battery used inter¬ 
mittently rather than continuously. 

12-Watt True-Complementary- 
Symmetry Audio Amplifiers 

Fig. 413 shows a block diagram 
and Fig. 414 shows the detailed cir¬ 
cuit diagram of a true-complemen¬ 
tary-symmetry audio power ampli- 


terized for audio-output service. 
They are provided in the JEDEC 
TO-220AB version of the VERSA- 
WATT plastic package. 

Table XXXIX lists typical per¬ 
formance characteristics for the 12- 
watt amplifier, and Figs. 415 and 
416 show the distortion and response 
curves for the circuit. 

Fig. 417 shows a block diagram 
and Fig. 418 shows the circuit dia¬ 
gram of a 12-watt true-complemen¬ 
tary-symmetry audio amplifier that 
uses RCAICIO and RCAlCll dis¬ 
crete transistors, an integrated cir¬ 
cuit, one diode, and a 36-volt split 
power supply; the amplifier output is 



92CS- 21476 


Fig. 413—Block diagram and transistor complement for 12-watt true-complementary- 

symmetry audio amplifier. 


fier that can supply 12 watts of 
audio output power. 

The audio-amplifier circuit uses 
RCAICIO and RCAlCll output 
transistors in conjunction with three 
other (input and driver) transistors, 
two diodes, and a single 36-volt 
power supply; the amplifier output 
is capacitively coupled to an 8-ohm 
speaker. The choice of a true-com¬ 
plementary-symmetry output stage 
provides excellent fidelity for a low- 
cost system. 

The RCAICIO and RCAlCll are 
n-p-n and p-n-p epitaxial-base sili¬ 
con power transistors, respectively. 
These devices are especially charac- 


directly coupled to an 8-ohm speaker. 
The integrated circuit-true-comple- 
mentary-symmetry combination pro¬ 
vides a high-quality, low-cost ampli¬ 
fier. This circuit is essentially the 
same as the amplifier shown in Fig. 
414, except that the low-level tran¬ 
sistor stages have been replaced by 
the RCA CA3094AT integrated cir¬ 
cuit. 

The CA3094AT integrated circuit 
provides sufficient drive current for 
the complementary-symmetry output 
stage. Tone controls, bass and treble, 
with functions of “boost” and “cut” 
are incorporated into the feedback 
loop of the amplifier, resulting in 
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excellent signal-to-noise ratio and 
freedom from distortion. 

Table XL shows typical perform¬ 
ance data for this amplifier, and 
Figs. 419 and 420 shows the distor¬ 
tion and frequency-response curves. 


40-Watt Full-Complementary- 
Symmetry Audio Amplifier 

Fig. 421 shows a block diagram 
and Fig. 422 shows the circuit dia¬ 
gram for a full-complementary-sym- 




Fig. 414 — 12-watt amplifier circuit featuring complementary-symmetry output. 



DISTORTION—PER CENT 
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Table XXXIX—Typical Performance Data For 12-Watt Audio Amplifier 

Circuit in Fig. 414. 

Measured at a line voltage of 120 V, Ta — 25''C, and a frequency of 1 kHz, 
unless otherwise specified. 


Power: 

Rated power (8-12 load, at 

rated distortion) . 12W 

Typical power (4-12 load) .... 12W 

Typical power (16-12 load) .. 6.5W 

Music power (8-12 load, at 
5% THD with regulated 

supply) . 15W 

Dynamic power (8-12 load, 
at 1% THD with regu¬ 
lated supply) . 13W 

Total Harmonic Distortion: 

Rated distortion . 1.0% 


IM Distortion: 

10 db below continuous 
power output at 60 Hz 

and 7 kHz (4:1) . 1.5% 

Sensitivity: 

At continuous power-out- 

put rating. 600 mV 

Hum and Noise: 

Below continuous power 
output: 

Input shorted . 90 dB 

Input open . 70 dB 

Input Resistance . 23 kl2 



Ql 0.2 0.5 I 2 5 10 20 

POWER OUTPUT (PouT^—W 


92CS-I73I4 



20 50 100 200 500 IK 2K 5K lOK 20K 

FREQUENCY—Hz 

92CS-I73I5 


Fig. 415—Distortion as a function of power 
output. 


Fig. 416—Response curve. 



Fig. 417—Block diagram and transistor complement for 12-watt true-complementary- 
symmetry audio amplifier with integrated-circuit driver. 
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T 



NOTES; 

1. T: Stancor No.P-8609 (120 V AC to 
26.8 V CT @ 1 A) or equivalent 

2. FOR STANDARD INPUT: Short C 2 ; 

R-| = 250 K; C-j = 0.047 JUF; Remove R 2 

3. FOR CERAMIC-CARTRIDGE INPUT: 

Cl = 0.0047 jUF; Ri = 2.5 m 12; Remove 
Jumper from C 2 ; Leave R 2 . 


4. D1 1N5392 

5. Resistors are 1 /2-watt unless otherwise 
specified; values are in ohms. 

6. Capacitances are in jUF unless otherwise 
specified. 

7. Non-inductive resistors. 


Fig. 418 — 12-watt amplifier circuit featuring an integrated-circuit driver and a true¬ 
complementary-symmetry output stage. 
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Table XL—Typical Performance Data For 12-Watt Audio Amplifier 

Circuit in Fig. 418. 

Measured at a line voltage of 120 V”, Ta — 25°C, and a frequency of 1 kHz, 
unless otherwise specified. 


Power: 

Rated power (8-12 load, at 

rated distortion) . 12W 

Typical power (4-12 load) 9W 

Typical power (16-12 load) 6.5W 

Music power (8-12 load, at 
5% THD with regu¬ 
lated supply) . 15W 

Total Harmonic Distortion: 

Rated distortion . 1.0% 

Typical at 1 W . 0.05% 

IM Distortion: 

10 dB below continuous 
power output at 60 Hz 
and 2 kHz (4:1) . 0,2% 


Sensitivity: 

At continuous power-out- 
put rating (tone con¬ 


trols flat) . 100 mV 

Hum and Noise: 

Below continuous power 
output: 

Input open . 83 dB 

Input resistance . 250 kl2 

Voltage Gain . 40 dB 

Tone Control Range .... See Fig. 420 



92CS-25996 

Fig. 419—Intermodulation distortion as a 
function of power output. 

metry audio amplifier (i.e., both 
driver and output stage employ com¬ 
plementary n-p-n and p-n-p tran¬ 
sistor pairs). This circuit uses 
RCA1C07 n-p-n and RCA1C08 p-n-p 
output transistors in conjunction 
with seven other low-level-stage 
transistors, ten diodes, and a 64- 
volt split power supply to develop up 
to 40 watts of audio output power. 
The amplifier output is directly 
coupled to an 8-ohm speaker. The 
high-frequency performance of this 



Fig. 420—Voltage gain as a function of 
frequency. 


40-watt amplifier will provide excel¬ 
lent reproduction for the most criti¬ 
cal listener. The amplifier also fea¬ 
tures an overload protection circuit 
that prevents damage to the output 
transistors in the event that output 
should be inadvertently short- 
circuited. 

Table XLI shows typical perform¬ 
ance data for the 40-watt amplifier, 
and Figs. 423 and 424 show fre¬ 
quency-response and distortion 
curves. 
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92CS-25998 


Fig. 421—Block diagram and transistor complement for 40-watt full-complementary- 

symmetry audio amplifier. 


Table XU—Typical Performance Data For 40-Watt Audio Amplifier 

Circuit in Fig. 422. 

Measured at a line voltage of 120 V, Ta — 25°C, and a frequency of 1 kHz, 
unless otherwise specified. 


Power: 

Rated power (8-n load, at 

rated distortion) . 40W 

Typical power (4-12 load) 75W 
Typical power (16-12 load) 25W 
Total Harmonic Distortion: 

Rated distortion . 1.0% 

Typical at 20 W . 0.05% 

IM Distortion: 

10 dB below continuous 
power output at 60 Hz 
and 7 kHz (4:1) . 0.1% 


70-Watt Quasi-Complementary- 
Symmetry Audio Amplifiers 

Fig 425 shows a block diagram 
and Fig. 426 shows the circuit dia¬ 
gram of a quasi-complementary- 
symmetry audio amplifier that can 


IHF Power Bandwidth: 

3 dB below rated continu¬ 
ous power at rated dis¬ 
tortion . 80kHz 

Sensitivity: 

At continuous power-out- 

put rating. 600mV 

Hum and Noise: 

Below continuous power 
output: 

Input shorted . 80 dB 

Input open . 75 dB 

Input Resistance .. 20 kl2 

supply 70 watts of audio output 
power. This 70-watt audio amplifier 
uses RCA 1B06 n-p-n output transis¬ 
tors in conjunction with eleven other 
transistors, thirteen diodes, and a 
90-volt split power supply. The am¬ 
plifier output is directly coupled to 
an 8-ohm speaker. The high-fre- 
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TYPE 

IN5392 ,80 



NOTES; 

1. T: Signal 88-2 (parallel secondary)*. 
Signal Transformer Co., 1 Junius St., 
Brooklyn, N.Y. 11212 

2. Resistors are 1 /2-watt unless otherwise 
specified; values are in ohms. 

3. Capacitances are in jJLF unless otherwise 
specified. 

4. Non-inductive resistors. 

*0r equivalent. 


Fig. 422 — 40-Watt amplifier circuit featuring full-complementary-symmetry output using 

load line limiting. 
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10 20 50 100 200 500 IK 2K 5K lOK 20K 50K lOOK 


FREQUENCY—Hz 92 cs-26000 

Fig. 423—Response curve. 


quency RCA1B06 output transistors 
used in the amplifier circuit pro¬ 
duce excellent transient response at 
a high power level. The amplifier 
includes an overload protection cir¬ 
cuit to prevent damage to the out¬ 



10 20 50 100 200 500 IK 2K 5K lOK 20K 50K lOOK 

FREQUENCY—Hz 

92CS-2600I 

Fig. 424—Typical distortion as a function 
of frequency. 

put transistors in the event that the 
output should be short-circuited. 

Table XLII shows typical perform¬ 
ance data for the 70-watt ampli¬ 
fier and Figs. 427 and 428 show 
typical distortion characteristics. 
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Fig. 425—Block diagram and transistor complement for 70-watt quasi-complementary- 
symmetry audio amplifier with pi-nu output transistors. 
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NOTES: 

1. 100°C thermal cutout attached to heat sink for output transistors 
(Elmwood Sensor part No. 2455-88-4).* 

2. Power transformer: Signal 120-2 (parallel secondary) • Signal 
Transformer Co., 1 JuniusSt., Brooklyn, N.Y. 11212. 

3. Resistors are 1 /2-watt unless otherwise specified; values are In ohms. 

4. Capacitances are In jdF unless otherwise specified. 

5. Non-inductive resistors. 

6. D1-D8, D11-1N5391 

D9, DIO, D12, D13-1N5393 • Or equivalent. 


Fig. 426 — 70-Watt amplifier circuit featuring quasi-complementary-symmetry output 
employing pi-nu construction output transistors. 
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Table XLII—Typical Performance Data For 70-Watt Audio Amplifier 

in Fig. 426. 

Measured at a line voltage of 120 V, Ta — 25°C, and a frequency of 1 kHz, 
unless otherwise specified. 


Power ; 

Rated power (8-0 load, at 

rated distortion) . 70 W 

Typical power (4-0 load) 100 W 
Typical power (16-0 load) 50 W 
Total Harmonic Distortion: 

Rated distortion . 0.5% 

IM Distortion: 

10 dB below continuous 
power output at 60 Hz 

and 7 kKz (4:1) . <0.2% 

IHF Power Bandwidth: 

3 dB below rated continu¬ 
ous power at rated dis¬ 
tortion . 5 Hz to 50 kHz 


Bandwidth at 

1 W . 5 Hz to 100 kHz 

Sensitivity: 

At continuous power-out¬ 
put rating . 600 mV 

Hum and Noise: 

Below continuous power 
output : 

Input shorted . 100 dB 


Input open . 85 dB 

With 2-kfi resistance 
on 20-ft. cable on 

input . 97 dB 

Input Resistance . 18 kfi 



Fig. 427—Typical total harmonic distortion Fig. 428—Typical total harmonic distor- 

as a function of power output at 1 kHz. tion as a function of frequency at 35 watts. 
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Tuned Amplifiers, Frequency 
Converters, and Detectors for 
AM, FM, and TV Receivers 


W HEN speech, music, or video in¬ 
formation is transmitted from 
a radio or television station, the 
station radiates a modulated radio¬ 
frequency (rf) carrier. The function 
of a radio or television receiver is 
simply to reproduce the modulating 
wave from the modulated carrier. 

As shown in Fig. 429, a super¬ 
heterodyne radio receiver picks up 
the transmitted modulated rf signal, 
amplifies it and converts it to a 
modulated intermediate-frequency 
(if) signal, amplifies the modulated 
if signal, separates the modulating 
signal from the basic carrier wave, 
and amplifies the resulting audio sig¬ 
nal to a level sufficient to produce the 
desired volume in a speaker. In ad¬ 
dition, the receiver usually includes 
some means of producing automatic 
gain control (age) of the modulated 
signal before the audio information 
is separated from the carrier. 

The transmitted rf signal picked 
up by the radio receiver may contain 


either amplitude modulation (AM) 
or frequency modulation (FM). 
(These modulation techniques are 
described later under the heading 
Detection.) In either case, amplifica¬ 
tion prior to the detector stage is 
performed by tuned amplifier circuits 
designed for the proper frequency 
and bandwidth. Frequency conversion 
is performed by mixer and oscillator 
circuits or by a single converter stage 
which performs Both mixer and os¬ 
cillator functions. Separation of the 
modulating signal is normally ac¬ 
complished by one or more diodes in 
a detector or discriminator circuit. 
Amplification of the audio signal is 
then performed by one or more audio 
amplifier stages. The portion of the 
receiver before the audio amplifier 
is called the tuner. (Audio amplifiers 
are discussed in a later section of 
this Manual.) 

The operation of a television re¬ 
ceiver (shown in block-diagram 
form in Fig. 430) is more complex 
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Fig. 429—Simplified block diagram for a broadcast-band receiver. 
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Fig. 430—Simplified block diagram for a television receiver. 


than that of a radio receiver, as 
shown by a comparison of Figs. 429 
and 430. 

The tuner section of the television 
receiver selects the proper rf sig¬ 
nals for the desired channel fre¬ 
quency, amplifies them, and converts 
them to a lower intermediate fre¬ 
quency. As in a radio receiver, 
these functions are accomplished 
in rf-amplifier, mixer, and local- 
oscillator stages. The if signal is 
then amplified in if-amplifier stages 
which provide the additional gain 
required to bring the signal level 
to an amplitude suitable for detec¬ 
tion. 

After if amplification, the detected 
signal is separated into sound and 
picture information. The sound sig¬ 
nal is amplified and processed to pro¬ 
vide an audio signal which is fed to 
an audio amplifier system. The pic¬ 
ture (video) signal is passed through 
a video amplifier which conveys 
beam-intensity information to the 
television picture tube and thus con¬ 
trols instantaneous ‘‘spot^^ bright¬ 
ness. At the same time, deflection 
circuits cause the electron beam of 
the picture tube to move the **spot^^ 
across the faceplate horizontally 
and vertically. Special “sync^^ sig¬ 
nals derived from the video signal 


assure that the horizontal and ver¬ 
tical scanning are timed so that the 
picture produced on the receiver ex¬ 
actly duplicates the picture being 
viewed by the camera or pickup tube. 
(The sync and deflection circuits are 
described in the section on TV De¬ 
flection.) 

In a television receiver, the video 
signal contains a dc component, and 
therefore the average carrier level 
varies with signal information. As a 
result, the age circuit is designed to 
provide a control voltage propor¬ 
tional to the peak modulated carrier 
level rather than the average modu¬ 
lated carrier level. The time constant 
of the age detector circuit is made 
large enough so that the picture con¬ 
tent of the composite video signal 
does not influence the magnitude of 
the age voltage. In addition, an elec¬ 
tronic switch is often included in the 
circuit so that it can be operated only 
during the retrace portion of the 
scanning cycle. This “gated age^^ 
technique prevents noise peaks from 
affecting age operation. 

TUNED AMPLIFIERS 

In radio-frequency (rf) and 
intermediate-frequency (if) ampli- 
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fiers, the bandwidth of frequencies 
to be amplified is usually only a 
small percentage of the center fre¬ 
quency. Tuned amplifiers are used 
in these applications to select the 
desired bandwidth of frequencies and 
to suppress unwanted frequencies. 
The selectivity of the amplifier is 
obtained by means of tuned inter¬ 
stage coupling networks. 


Resonant-Circuit 

Characteristics 

The properties of tuned amplifiers 
depend upon the characteristics of 
resonant circuits. A simple parallel 
resonant circuit (sometimes called a 
^‘tank’^ because it stores energy) is 
shown in Fig. 431. For practical pur¬ 
poses, the resonant frequency of such 
a circuit may be considered inde¬ 
pendent of the resistance R, provided 
R is small compared to the inductive 
reactance Xl. The resonant fre¬ 
quency f, is then given by 

“ 2xa/lc 

For any given resonant frequency, 
the product of L and C is a co*’.stant; 
at low frequencies LC is large; at 
high frequencies it is small. 

The Q (selectivity) of a parallel 
resonant circuit alone is the ratio of 
the current in the tank (II or Ic) to 
the current in the line (I). This un- 



Fig. 431—Simple parallel resonant circuit. 

loaded Q, or Qo, may be expressed 
in various ways, for example: 


n —— — ^ ^ 

where Xl is the inductive reactance 
(== 27 rfL), Xc is the capacitive re¬ 
actance ( l/[ 27 rfC]), and Rp is the 

total impedance of the parallel reso¬ 
nant circuit (tank) at resonance. The 
Q varies inversely with the resistance 
of the inductor Rs. The lower the re¬ 
sistance, the higher the Q and the 
greater the difference between the 
tank impedance at frequencies off 
resonance compared to the tank im¬ 
pedance at the resonant frequency. 

The Q of a tuned interstage cou¬ 
pling network also depends upon the 
impedances of the preceding and fol¬ 
lowing stages. The output impedance 
of a transistor can be considered as 
consisting of a resistance Ro in par¬ 
allel with a capacitance Co, as shown 
in Fig. 432. Similarly, the input im¬ 
pedance can be considered as consist¬ 
ing of a resistance Ri in parallel 
with a capacitance Ci. Because the 


OUTPUT OF ^ INPUT OF 

PRECEDING COUPLING FOLLOWING 

TRANSISTOR NETWORK TRANSISTOR 
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Fig. 432—Equivalent output and input cir¬ 
cuits of transistors connected by a cou¬ 
pling network. 

tuned circuit is shunted by both the 
output impedance of the preceding 
transistor and the input impedance 
of the following transistor, the ef¬ 
fective selectivity of the circuit is 
the loaded Q (or Ql) based upon 
the total impedance of the coupled 
network, as follows: 

J total loading on \ 

Ql = Icoil at resonance/ 

Xl or Xc 

The capacitances Co and Ci in Fig. 
432 are usually considered as part of 
the coupling network. For example, 
if the required capacitance between 
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terminals 1 and 2 of the coupling 
network is calculated to be 500 pico¬ 
farads and the value of Co is 10 
picofarads, a capacitor of 490 pico¬ 
farads is used between terminals 1 
and 2 so that the total capacitance is 
500 picofarads. The same method is 
used to allow for the capacitance Ci 
at terminals 3 and 4. 

When a tuned resonant circuit in 
the primary winding of a trans¬ 
former is coupled to the nonresonant 
secondary winding of the trans¬ 
former, as shown in Fig. 433(a), the 
effect of the input impedance of the 
following stage on the Q of the tuned 
circuit can be determined by con¬ 
sidering the values reflected (or re¬ 
ferred) to the primary circuit by 
transformer action. The reflected re¬ 
sistance ri is equal to the resistance 
Ri in the secondary circuit times the 
square of the effective turns ratio 
between the primary and secondary 
windings of the transformer T: 


r-. = Ri (Ni/N2)2 


where N 1 /N 2 represents the electrical 
turns ratio between the primary 
winding and the secondary winding 
of T. If there is capacitance in the 
secondary circuit (C*), it is reflected 
to the primary circuit as a capaci¬ 
tance Csp, and is given by 

C.p = Cp - (Ni/N.,)^ 

The loaded Q, or Ql, is then calcu¬ 
lated on the basis of the inductance 
L„, the total shunt resistance (Ro 
plus ri plus the tuned-circuit im¬ 
pedance Zt == QoXc = QoXl), and 
the total capacitance (Cp + Csp) in 
the tuned circuit. 

Fig. 433(b) shows a coupling net¬ 
work which consists of a single- 
tuned circuit using mutual inductive 
coupling. The capacitance Ct in¬ 
cludes the effects of both the output 
capacitance of the preceding tran¬ 
sistor and the input capacitance of 
the following transistor (referred 
to the primary of transformer Ti). 


The bandwidth of a single-tuned 
transformer is determined by the 
half-power points on the resonance 
curve (—3 dB or 0.707 down from 



T| 



(c) 
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Fig. 433—Equivalent circuits for trans¬ 
former-coupling networks: (a) having tuned 
primary winding; (b) using inductive cou¬ 
pling; (c) using tap on primary winding. 


the maximum). Under these condi¬ 
tions, the band pass Af is equal 
to the ratio of the center or 
resonant frequency fr divided by the 
loaded (effective) Q of the circuit, as 
follows: 


Af = fr/QL 

The inherent internal feedback in 
transistors can cause instability and 
oscillation as the gain of an amplifier 
stage is increased (i.e., as the load 
and source impedances are increased 
from zero to matched conditions). 
At low radio frequencies, therefore, 
where the potential gain of transis¬ 
tors is high, it is often desirable to 
keep the transistor load impedance 
low. Relatively high capacitance 
values in the tuned collector circuit 
can then be avoided by use of a tap 
on the primary winding of the 
coupling transformer, as shown in 
Fig. 433(c). At higher frequencies. 
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the gain potential of the transistor 
decreases, and impedance matching 
is permissible. However, lead induct¬ 
ance becomes significant at higher 
frequencies, particularly in the emit¬ 
ter circuit. All lead lengths should be 
kept short, therefore, and especially 
the emitter lead, which not only de¬ 
grades performance but is also a 
mutual coupling to the output circuit. 

Gain and Noise Figure 

In the design of low-level tuned 
rf amplifiers, careful consideration 
must be given to the transistor and 
circuit parameters which control cir¬ 
cuit stability, as well as those which 
maintain adequate power gain. The 
power gain of an rf transistor must 
be sufficient to provide a signal that 
will overcome the noise level 
of succeeding stages. In addition, 
if the signals to be amplified 
are relatively weak, it is important 
that the transistor and its associated 
circuit provide low noise figure at 
the operating frequency. In com¬ 
munication receivers, the noise fig¬ 
ure of the rf stage determines the 
absolute sensitivity of the receiver 
and is, therefore, one of the most 
important characteristics of the de¬ 
vice used in the rf stage. 

The relative power-gain capabili¬ 
ties of transistors at high frequencies 
are indicated by their theoretical 
maximum frequency of oscillation 
f max. At this frequency, the unilateral- 
ized matched power gain, or maxi¬ 
mum available gain MAG, is 0 dB. 
MAG as a function of frequency for 
a typical rf transistor rises approxi¬ 
mately 6 dB per octave below fmax. 

Because most practical rf ampli¬ 
fiers are not individually unilateral- 
ized, the power gain that can be 
obtained is somewhat less than the 
MAG because of internal feedback in 
the circuit. This feedback is greater 
in unneutralized circuits than in neu¬ 
tralized circuits, and therefore gain 
is lower when neutralization is not 
used. From a practical considera¬ 
tion, the feedback capacitance which 
must be considered is the total feed¬ 


back capacitance between collector 
and base, including both stray and 
socket capacitances. In neutralized 
circuits, stray capacitances, socket 
capacitance, and the typical value of 
device capacitance can generally be 
neutralized. At a given frequency, 
therefore, the maximum usable 
power gain MUG of a neutralized cir¬ 
cuit depends on the transconductance 
gm and the amount of internal feed¬ 
back capacitance Cf. In unneutralized 
circuits, however, both socket and 
stray capacitances are involved in 
the determination of gain and must 
be included in the value of Cr. The 
ratio of gm to Cf should be high to 
provide high power gain. 

Cross-Modulation Distortion 

Cross-modulation, an important 
consideration in the evaluation of 
transistorized tuner circuits, is pro¬ 
duced when an undesired signal 
within the pass band of the receiver 
input circuit modulates the carrier 
of the desired signal. Such distor¬ 
tion occurs when third- and higher- 
odd-order nonlinearities are present 
in an rf-amplifier stage. In general, 
the severity of cross-modulation is 
independent of both the semiconduc¬ 
tor material and the construction of 
the transistor (provided gain and 
noise factor are not sacrificed). At 
low frequencies, cross-modulation is 
also independent of the amplitude 
of the desired carrier, but varies as 
the square of the amplitude of the 
interfering signal. 

In most rf circuits, the undesir¬ 
able effects of cross-modulation can 
be minimized by good selectivity in 
the antenna and rf interstage coils. 
Minimum cross-modulation can best 
be achieved by use of the optimum 
circuit Q with respect to bandwidth 
and tracking considerations, which 
implies minimum loading of the tank 
circuits. 

Cross-modulation may occur in 
the mixer or rf amplifier, or both. 
Accordingly, it is important to ana¬ 
lyze the entire tuner as well as the 
individual stages. Cross-modulation 
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is also a function of age. At sen¬ 
sitivity conditions where the rf 
stage is operating at maximum gain 
and the interfering signal is far 
removed from the desired signal, 
cross-modulation occurs primarily in 
the rf stage. As the desired signal 
level increases and age is applied 
to the rf stage, the rf transistor gain 
decreases and provides improved 
cross-modulation. If the interfering 
signal is close to the desired signal, it 
is the rf gain at the undesired signal 
frequency which determines whether 
the rf stage or mixer stage is the 
prime contributor of cross-modula¬ 
tion. For example, it is possible that 
the rf stage gain (including selec¬ 
tivity of tuned circuits) at the un¬ 
desired frequency is greater than 
unity. In this case, the undesired 
signal at the mixer input is larger 
than that at the rf input; thus the 
contribution of the mixer is appre¬ 
ciable. Intermediate and high signal 
conditions may be analyzed similarly 
by considering rf age. 

If adequate limiting is employed, 
cross-modulation does not occur in 
an FM signal. 

Limiting 

A limiter circuit is essentially an 
if-amplifier stage designed to pro¬ 
vide clipping at a desired signal level. 
Such circuits are used in FM receiv¬ 
ers to remove AM components from 
the if signal prior to FM detection. 
The limiter stage is normally the last 
stage prior to detection, and is simi¬ 
lar to preceding if stages. At low 
input rf signal levels, it amplifies the 
if signal in the same manner as pre¬ 
ceding stages. As the signal level in¬ 
creases, however, a point is reached 
at which the limiter stage is driven 
into saturation (i.e., the peak cur¬ 
rents and voltages are limited by 
the supply voltage and load imped¬ 
ances and increases in signal pro¬ 
duce very little increase in collector 
current). At this point, the if sig¬ 
nal is “clipped’^ (or flattened) and 
further increases in rf signal level 


produce no further output in if sig¬ 
nal to the detector. 

Limiter stages may be designed 
to provide clipping at various input- 
signal levels. A high-gain FM tuner 
is usually designed to limit at very 
low rf input signal levels, and pos¬ 
sibly even on noise signals. 


Integrated-Circuit 
RF and IF Amplifiers 

Integrated circuits, such as the 
CA3028 described in the section In¬ 
tegrated Circuits for Linear Appli¬ 
cations, can be used advantageously 
for rf and if amplification. The 
CA3028B integrated circuit, used 
with external tuned-circuit, trans¬ 
former, or resistive loads, can pro¬ 
vide high gain, low noise figure, and 
effective limiting at frequencies from 
dc to 120 MHz. It can be operated 
in either the differential mode or the 
cascode mode, as shown in Figs. 
434(a) and 434(b). The cascode 
mode of operation is recommended 
for maximum gain; the differential 
mode is best if good limiting is re¬ 
quired. Figs. 435 and 436 show the 
gain and noise characteristics of the 
two modes. 

The 10.7-MHz if strip shown in 
Fig. 437 uses two CA3028A or 
CA3028B integrated circuits. The 
first integrated circuit is connected 
as a cascode amplifier and yields 
voltage gain of 50 dB; the second 
integrated circuit is connected as a 
differential amplifier and yields volt¬ 
age gain of 42 dB. 

When a practical interstage trans¬ 
former having a voltage insertion 
loss of 9 dB is used, over-all gain is 
83 dB and the sensitivity at the base 
of the first integrated circuit is 140 
microvolts. A less sophisticated con¬ 
verter filter (double-tuned) could be 
employed at the expense of about 26 
dB of second-channel attenuation. 
If the voltage insertion loss of the 
converter filter is assumed to be 18 
dB and the front-end voltage gain 
(antenna to mixer collector) is 50 
dB, this receiver would have an 
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Fig. 434—Connection of CA3028 as (a) differential amplifier; (b) cascade amplifier. 


IHFM* sensitivity of approximately 
8 microvolts. 

MOS-Transistor 
RF and IF Amplifiers 

Dual-gate MOS field-effect tran¬ 
sistors (MOS/FET's) are useful in 
a wide variety of rf and if amplifier 
applications. These devices provide 
excellent power gain, low noise fig¬ 
ures, and wide dynamic range. Fig. 
438 shows a typical circuit using a 
dual-gate MOS/FET as the rf stage 
of a TV tuner. The two serially- 
connected channels with independ¬ 
ent control gates make possible a 
greater dynamic range and lower 
cross-modulation than is normally 
achieved using devices having only 
a single control element. 


* Institute of High-Fidelity Manufacturers. 


The two-gate arrangement also 
makes possible a desirable reduc¬ 
tion in feedback capacitance by op¬ 
erating in the common-source con¬ 
figuration and ac-grounding Gate 
No. 2. The reduced capacitance al¬ 
lows operation at maximum gain 
without neutralization; and, of spe¬ 
cial importance in rf-amplifiers, it 
reduces local oscillator feedthrough 
to the antenna. 

Although maximum theoretical 
power gain cannot be achieved in 
practical circuits, the gain of MOS 
transistors at high frequencies 
closely approximates the theoretical 
limit except for some losses in the 
input and output matching circuits. 

In practical rf-amplifier circuits 
using MOS transistors, the best pos¬ 
sible noise figures are obtained when 
the input impedance of the transistor 
is slightly mismatched to that of 
the source. With this technique, 
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Fig. 435—Gain (a) and noise characteristics (b) for the CA3028 in a differential ampli¬ 
fier configuration. 


noise figures as low as 1.9 dB have 
been obtained. Dual-gate MOS tran¬ 
sistors typically exhibit a noise fig¬ 
ure of 3.5 dB in the vhf range and 
of 4.5 dB in the uhf range. 

The dynamic-range capability of 
MOS field-effect transistors is about 
25 times greater than that of bi¬ 


polar transistors. In an actual tuner 
circuit, this large intrinsic dynamic 
range is reduced by a factor propor¬ 
tional to the square of the circuit 
source impedances. The net result 
is a practical dynamic range for 
MOS tuner circuits about five times 
that for bipolar types. 
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Fig. 436—Gain and noise characteristics for CA3028 in cascode configuration. 


The cross-modulation characteris¬ 
tics of MOS transistors are as good 
as those of bipolar transistors in the 
high-attenuation region, and are as 
much as ten times better in the low- 
attenuation region (when the in¬ 
coming signal is weak). This low 
cross-modulation distortion should 
ultimately lead to extensive use of 
MOS transistors in the rf stages of 
all types of communication re¬ 
ceivers. 


A typical application of a MOS 
transistor for if amplification is 
shown in Fig. 439. 

OSCILLATORS 

Bipolar and field-effect transistor 
oscillator circuits are similar in 
many respects to the tuned amplifi¬ 
ers discussed previously, except that 
a portion of the output power is re¬ 
turned to the input network in 
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phase with the starting power (re¬ 
generative or positive feedback) to 
sustain oscillation. DC bias-voltage 
requirements for oscillators are 
similar to those discussed for am¬ 
plifiers. 

The maximum operating frequency 
of an oscillator circuit is limited by 
the frequency capability of the tran¬ 
sistor used. The maximum frequency 
of oscillation of a transistor is de¬ 
fined as the frequency at which the 
power gain is unity. Because some 
power gain is required in an oscilla¬ 
tor circuit to overcome losses in the 
feedback network, the operating 
frequency must be some value below 


the transistor maximum frequency 
of oscillation. 

For sustained oscillation in a tran¬ 
sistor oscillator, the power gain of 
the amplifier network must be equal 
to or greater than unity. When the 
amplifier power gain becomes less 
than unity, oscillations become 
smaller with time (are “damped’’) 
until they cease to exist. In practi¬ 
cal oscillator circuits, power gains 
greater than unity are required be¬ 
cause the power output is divided 
between the load and the feedback 
network, as shown in Fig. 440. The 
feedback power must be equal to the 
input power plus the losses in the 



Fig. 440—Block diagram of transistor oscillator showing division of output power. 
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feedback network to sustain oscilla¬ 
tion. 

LC Resonant Feedback 
Oscillators 

The frequency-determining ele¬ 
ments of an oscillator circuit may 
consist of an inductance-capacitance 
(LC) network, a crystal, or a resist¬ 
ance-capacitance (RC) network. An 
LC tuned circuit may be placed in 
either the base circuit or the collec¬ 
tor circuit of a common-emitter tran¬ 
sistor oscillator. In the tuned-base 
oscillator shown in Fig. 441, one 
battery is used to provide all the 
dc operating voltages for the tran¬ 
sistor. Resistors Ri, Rs, and R 4 pro¬ 
vide the necessary bias conditions. 
Resistor R 2 is the emitter stabiliz¬ 
ing resistor. The components within 
the dotted lines comprise the transis¬ 
tor amplifier. The collector shunt- 
feed arrangement prevents dc cur¬ 
rent flow through the tickler 
(primary) winding of transformer 
T. Feedback is accomplished by the 
mutual inductance between the trans¬ 
former windings. 



Fig. 441 — Tuned-base oscillator. 


The tuned circuit consisting of the 
secondary winding of transformer T 
and variable capacitor Ci is the fre¬ 
quency-determining element of the 
oscillator. Variable capacitor Ci per¬ 
mits tuning through a range of fre¬ 


quencies. Capacitor C 2 couples the 
oscillation signal to the base of the 
transistor, and also blocks dc. Ca¬ 
pacitor C 4 bypasses the ac signal 
around the emitter resistor Ra and 
prevents degeneration. The output 
signal is coupled from the collector 
through coupling capacitor Cr, to the 
load. 

A tuned-collector transistor oscil¬ 
lator is shown in Fig. 442. In this 
circuit, resistors Ri and Ra establish 
the base bias. Resistor R 2 is the 
emitter stabilizing resistor. Capaci- 



Fig. 442 — Tuned-collector oscillator. 


tors Cl and C 2 bypass ac around 
resistors Ri and R 2 , respectively. The 
tuned circuit consists of the primary 
winding of transformer T and the 
variable capacitor Ca. Regeneration 
is accomplished by coupling the feed¬ 
back signal from transformer wind¬ 
ing 3-4 to the tickler coil winding 
1-2. The secondary winding of the 
transformer couples the signal out¬ 
put to the load. 

Another form of LC resonant 
feedback oscillator is the Hartley 
oscillator. This oscillator makes use 
of split inductance to obtain feed¬ 
back and may be either shunt or 
series fed. In the shunt-fed circuit 
of Fig. 443, Ri, R 2 , and Rs are the 
biasing resistors; the frequency¬ 
determining network consists of 
variable capacitor Ci in series with 
the windings of Ti. The frequency 
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Fig. 443 — Shunt-fed Hartley oscillator. 

of the oscillator is varied by Ci; C 2 
is the dc blocking capacitor and C 3 
is an ac bypass capacitor. 

The circuit inductance functions 
in the manner of an auto transformer 
and provides the regenerative feed¬ 
back signal obtained from the volt¬ 
age induced in the lower half of 
the transformer winding and coupled 
through C 4 to the transistor base. 
No dc current flows through the 
primary of Ti because the collector 
is shunt fed through R 2 . 

In the series-fed Hartley circuit 
shown in Fig. 444, the base-emitter 
circuit is biased through Ri and R 2 ; 



Fig. 444 — Series-fed Hartley oscillator. 


the collector is biased through the 
upper half of the transformer wind¬ 
ings. Again, as in the shunt-fed 


circuit, C 3 provides an ac bypass. 
Feedback in the series-fed Hartley 
circuit is obtained from the lower- 
half of the transformer winding and 
is coupled through C 4 to the base of 
the transistor. The center-tap of the 
transformer winding is maintained 
at ac ground potential by C 2 . 

Fig. 445 shows two arrangements 
of a Hartley oscillator circuit using 
MOS field-effect transistors. Circuit 
(a) uses a bypassed source re¬ 
sistor to provide proper operating 
conditions; circuit (b) uses a 
gate-leak resistor and biasing diode. 
The amount of feedback in either 
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Fig. 445—Hartley o.scillator circuits using 
MOS transistors. 

circuit is dependent on the position 
of the tap on the coil. Too little 
feedback results in a feedback sig¬ 
nal voltage at the gate insufficient 
to sustain oscillation; too much feed¬ 
back causes the impedance between 
source and drain to become so low 
that the circuit becomes unstable. 
Output from these circuits can be 
obtained through inductive coupling 
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to the coil or through capacitive 
coupling to the gate. 

Another form of LC resonant 
feedback oscillator is the transistor 
version of the Colpitts oscillator, 
shown in Fig. 446. Regenerative 
feedback is obtained from the tuned 
circuit consisting of capacitors C 2 
and C 3 in parallel with the pri¬ 
mary winding of the transformer, 
and is applied to the emitter of the 
transistor. Base bias is provided by 
resistors R 2 and R 3 . Resistor R 4 is 
the collector load resistor. Resistor 
Ri develops the emitter input signal 
and also acts as the emitter stabiliz¬ 
ing resistor. Capacitors C 2 and Cs 
form a voltage divider; the voltage 
developed across C 3 is the feedback 
voltage. The frequency and the 
amount of feedback voltage can be 
controlled by adjustment of either 
or both capacitors. For minimum 
feedback loss, the ratio of the ca¬ 
pacitive reactance between C 2 and 
Ca should be approximately equal to 
the ratio between the output imped¬ 
ance and the input impedance of the 
transistor. 



92CS-26I22 


Fig. 446—Transistor Colpitts oscillator. 

Fig. 447 shows the field-effect 
transistor in use in two forms of 
the Colpitts oscillator circuit. These 
circuits are more commonly used in 
vhf and uhf equipment than the 
Hartley circuits because of the me¬ 
chanical difficulty involved in mak¬ 
ing the tapped coils required at these 
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Fig. 447—Colpitts oscillator circuits using 
MOS transistors. 

frequencies by the Hartley circuits. 
Feedback is controlled in the Col¬ 
pitts oscillator by the ratio of the 
capacitance of C' to C". 

Crystal Oscillators 

A quartz crystal is often used 
as the frequency-determining ele¬ 
ment in a transistor oscillator circuit 
because of its extremely high Q (nar¬ 
row bandwidth) and good frequency 
stability over a given temperature 
range. A quartz crystal may be 
operated as either a series or paral¬ 
lel resonant circuit. As shown in Fig. 
448, the electrical equivalent of the 
mechanical vibrating characteristic 
of the crystal can be represented by 
a resistance R, an inductance L, 
and a capacitance Cs in series. The 
lowest impedance of the crystal oc¬ 
curs at the series resonant frequency 
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of Cs and L; the resonant frequency 
of the circuit is then determined 
only by the mechanical vibrating 
characteristics of the crystal. 

The parallel capacitance Cp shown 
in Fig. 448 represents the electro¬ 
static capacitance between the crystal 
electrodes. At frequencies above the 
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Fig. 448—Equivalent circuit of quartz 
crystal. 

series resonant frequency, the com¬ 
bination of L and C« has the effect 
of a net inductance because the in¬ 
ductive reactance of L is greater 
than the capacitive reactance of C». 
This net inductance forms a parallel 
resonant circuit with C„ and any cir¬ 
cuit capacitance across the crystal. 
The impedance of the crystal is 
highest at the parallel resonant fre¬ 
quency; the resonant frequency of 
the circuit is then determined by 
both the crystal and externally con¬ 
nected circuit elements. 

Increased frequency stability can 
be obtained in the tuned-collector 
and tuned-base oscillators discussed 
previously if a crystal is used in the 
feedback path. The oscillation fre¬ 
quency is then fixed by the crystal. 
At frequencies above and below the 
series resonant frequency of the crys¬ 
tal, the impedance of the crystal in¬ 
creases and the feedback is reduced. 
Thus, oscillation is prevented at fre¬ 
quencies other than the series reso¬ 
nant frequency. 

The parallel mode of crystal reso¬ 
nance is used in the Pierce oscillator 
shown in Fig. 449. (If the crystal 
were replaced by its equivalent cir¬ 
cuit, the functioning of the oscillator 
would be analogous to that of the 
Colpitts oscillator shown in Fig. 446.) 


The resistances shown in Fig. 449 
provide the proper bias and stabiliz¬ 
ing conditions for the common-emit¬ 
ter circuit. Capacitor Ci is the 
emitter bypass capacitor. The re¬ 
quired 180-degree phase inversion of 
the feedback signal is accomplished 
through the arrangement of the volt- 
age-divider network Ca and Cs. The 
connection between the capacitors is 
grounded so that the voltage de¬ 
veloped across Cs is applied between 
base and ground and a 180-degree 
phase reversal is obtained. The oscil¬ 
lating frequency of the circuit is de¬ 
termined by the crystal and the 
capacitors connected in parallel with 
it. 


C4 



Fig. 449 — Pierce-type transistor crystal 
oscillator. 

The field-effect transistor also 
operates well in crystal oscillator 
circuits such as the Pierce-type os¬ 
cillators shown in Fig. 450. Pierce 



Fig. 450 — Pierce-type crystal oscillator cir^ 
cuit using MOS transistor. 
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oscillators are extremely popular be¬ 
cause of their simplicity and mini¬ 
mum number of components. 

A crystal oscillator can also be 
implemented with a COS/MOS in¬ 
verter-amplifier and feedback net¬ 
work as shown in Fig. 451. 


the common-emitter oscillator occurs 
only at one frequency; thus, the out¬ 
put frequency of the oscillator is 
fixed. Phase-shift oscillators may be 
made variable over particular fre¬ 
quency ranges by the use of ganged 
variable capacitors or resistors in the 



Fig. 451—A COS/MOS crystal oscillator. 


+vcc 



Fig. 452 shows a CA3028 linear 
integrated circuit connected as an 
oscillator for use in an rf tuner. 

RC Feedback Oscillators 

A resistance-capacitance (RC) net¬ 
work is sometimes used in place of 
an inductance-capacitance network in 
a transistor oscillator. In the phase- 
shift oscillator shown in Fig. 453, the 
RC network consists of three sec¬ 
tions (CiRi, C2R2, and C3R3), each of 
which contributes a phase shift of 60 
degrees at the frequency of oscilla¬ 
tion. Because the capacitive react¬ 
ance of the network increases or 
decreases at other frequencies, the 
180-degree phase shift required for 



Fig. 453—Transistor RC phase-shift 
oscillator. 


RC networks. Three or more sec¬ 
tions must be used in the phase- 
shifting networks to reduce feedback 
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losses. The use of more sections con¬ 
tributes to increased stability. 

FREQUENCY CONVERTERS 

Transistors can be used in various 
types of circuits to change the fre¬ 
quency of an incoming signal. In 
radio and television receivers, fre¬ 
quency conversion is used to change 
the frequency of the rf signal to an 
intermediate frequency. In communi¬ 
cations transmitters, frequency mul¬ 
tiplication is often used to raise the 
frequency of the developed rf signal. 

In a radio or television receiver, 
the oscillating and mixing functions 
are performed by a nonlinear device 
such as a diode or a transistor. As 
shown in the diagram of Fig. 454, 


radio- intermediate- 
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Fig, 454—Block diagram of simple fre¬ 
quency-converter circuit. 


two voltages of different frequencies, 
the rf signal voltage and the voltage 
generated by the oscillator, are ap¬ 


plied to the input of the mixer. These 
voltages “beat,’’ or heterodyne, 
within the mixer transistor to pro¬ 
duce a current having, in addition 
to the frequencies of the input volt¬ 
ages, numerous sum and difference 
frequencies. 

The output circuit of the mixer 
stage is provided with a tuned cir¬ 
cuit which is adjusted to select only 
one beat frequency, i.e., the fre¬ 
quency equal to the difference be¬ 
tween the signal frequency and the 
oscillator frequency. The selected 
output frequency is known as the 
intermediate frequency, or if. The 
output frequency of the mixer tran¬ 
sistor is kept constant for all values 
of signal frequency by tuning of the 
oscillator circuit. 

In AM broadcast-band receivers, 
the oscillator and mixer functions 
are often accomplished by use of a 
single transistor called an “auto¬ 
dyne converter”. In FM receivers, 
stable oscillator operation is more 
readily obtained when a separate 
transistor is used for the oscillator 
function. In such a circuit, the os¬ 
cillator voltage is applied to the 
mixer by inductive coupling, capa¬ 
citive coupling, or a combination of 
the two. 

Fig. 455 shows the basic circuit 



Fig. 455—Circuit diagram of FM tuner using dual-gate MOS transistors in the 
rf amplifier and mixer stages. 
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configruration for the “front-esfid” 
stages of an FM tuner that uses 
dual-gate-protected MOS field-effect 
transistors in both the rf-amplifier 
and mixer stages. A bipolar transis¬ 
tor is used in the local-oscillator 
stage. 

The dual-gate MOS transistor is 
very attractive for use in mixer 
service because the two signals to 
be mixed are applied to separate 
gate terminals. This arrangement is 
an effective technique for reduction 
of oscillator radiation. In the circuit 
shown in Fig. 455, the signal fre¬ 
quency is applied to gate No. 1 of 
the mixer transistor and the local- 
oscillator input to gate No. 2. 

Connection of a CA3028 inte¬ 
grated circuit as a converter is 
shown in Fig. 456(a). A mixer us¬ 
ing the CA3028 integrated circuit is 
shown in Fig. 456(b). 


DETECTORS 

The circuit of a radio, television, or 
communications receiver in which the 
modulation is separated from the car¬ 
rier is called the demodulator or 
detector stage. Transmitted rf sig¬ 
nals may be modulated in either of 
two ways. If the frequency of the 
carrier remains constant and its am¬ 
plitude is varied, the carrier is called 
an amplitude-modulated (AM) sig¬ 
nal. If the amplitude remains essen¬ 
tially constant and the frequency is 
varied, the carrier is called a fre¬ 
quency-modulated (FM) signal. 

The effect of amplitude modula¬ 
tion (AM) on an rf carrier wave 
is shown in Fig. 457. The audio¬ 
frequency (af) modulation can be 
extracted from the amplitude-modu¬ 
lated carrier by means of a simple 
diode detector such as that shown 



(a) 



Fig. 456—Connection of a CA3028 as (a) a converter; (b) a mixer. 
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Fig. 457—Waveforms showing effect of 
amplitude modulation on an rf wave. 


in Fig. 458(a). This circuit elimi¬ 
nates alternate half-cycles of the 
waveform, and detects the peaks of 
the remaining half-cycles to produce 
the output voltage shown in Fig. 
458(b). In this figure, the rf voltage 
applied to the circuit is shown in 
light line; the output voltage across 
the capacitor C is shown in heavy 
line. 

Between points a and b of Fig. 
458(b), capacitor C charges up 
to the peak value of the rf voltage. 
Then, as the applied rf voltage falls 



AMPLITUDE-MODULATED 
RF WAVE 
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Fig. 458 — (a) Basic diode detector circuit 
and (b) waveform showing modulated rf 
input (light line) and output voltage 
(heavy line) of diode-detector circuit. 


away from its peak value, the capa¬ 
citor holds the cathode of the diode 
at a potential more positive than the 
voltage applied to the anode. The 
capacitor thus temporarily cuts off 
current through the diode. While the 
diode current is cut off, the capaci¬ 
tor discharges from b to c through 
the diode load resistor R. 

When the rf voltage on the anode 
rises high enough to exceed the po¬ 
tential at which the capacitor holds 
the cathode, current flows again, and 
the capacitor charges up to the peak 
value of the second positive half¬ 
cycle at d. In this way, the voltage 
across the capacitor follows the peak 
value of the applied rf voltage and 
reproduces the af modulating signal. 
The jaggedness of the curve in Fig. 
458(b), which represents an rf com¬ 
ponent in the voltage across the 
capacitor, is exaggerated in the 
drawing. In an actual circuit, the 
rf component of the voltage across 
the capacitor is small. When the 
voltage across the capacitor is am¬ 
plified, the output of the amplifier 
reproduces the speech or music that 
originated at the transmitting sta¬ 
tion. 

Another way to describe the action 
of a diode detector is to consider the 
circuit as a half-wave rectifier. When 
the signal on the anode swings posi¬ 
tive, the diode conducts and the rec¬ 
tified current flows. The dc voltage 
across the capacitor C varies in ac¬ 
cordance with the rectified ampli¬ 
tude of the carrier and thus repro¬ 
duces the af signal. Capacitor C 
should be large enough to smooth 
out rf or if variations, but should 
not be so large as to affect the audio 
variations. (Although two diodes 
can be connected in a circuit similar 
to a full-wave rectifier to produce 
full-wave detection, in practice the 
advantages of this connection gen¬ 
erally do not justify the extra cir¬ 
cuit cost and complication.) 

In the circuit shown in Fig. 458(a), 
it is often desirable to forward-bias 
the diode almost to the point of con¬ 
duction to improve performance for 
weak signal levels. It is also desir- 
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able that the resistance of the ac 
load which follows the detector be 
considerably larger than the diode 
load resistor to avoid severe distor¬ 
tion of the audio waveform at high 
modulation levels. 

The basic diode detector may also 
be adapted to provide video-signal 
detection in black-and-white and 
color television receivers. Fig. 459 
shows an example of a diode type 
of video detector for a color televi¬ 
sion receiver. 

The video detector demodulates 
the if signal so that the luminance, 
chrominance, and sync signals are 
available at the output of the detec¬ 
tor circuit. A crystal diode with an 
if filter is commonly used for this 
purpose. The video detector in a 
color receiver may employ a sound- 
carrier trap in its input. This trap 
attenuates the sound carrier and 
insures against the development of 
an undesirable 920-kHz beat fre¬ 
quency which is the frequency dif¬ 
ference between the sound carrier 
and the color subcarrier. When the 
sound carrier is attenuated in this 
manner, the sound take-off point is 
located ahead of the video detector. 



Fig. 459—Video detector for a color tele¬ 
vision receiver. 

The effect of frequency modulation 
(FM) on the waveform of an rf car¬ 
rier wave is shown in Fig. 460. In 
this type of transmission, the fre¬ 
quency of the rf carrier deviates 
from the mean value at a rate pro- 




AF MODULATING WAVE 



FREQUENCY-MODULATED RF WAVE 
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Fig. 460—Waveforms showing effect of 
frequency modulation on an rf wave. 

portional to the audio-frequency 
modulation and by an amount (de¬ 
termined in the transmitter) propor¬ 
tional to the amplitude of the af 
modulating signal. That is, the num¬ 
ber of times the carrier frequency 
deviates above and below the center 
frequency is a measure of the fre¬ 
quency of the modulating signal; 
the amount of frequency devia¬ 
tion from the center frequency is 
a measure of the loudness (ampli¬ 
tude) of the modulating signal. For 
this type of modulation, a detector 
is required to discriminate between 
deviations above and below the center 
frequency and to translate these de¬ 
viations into a voltage having an 
amplitude that varies at audio fre¬ 
quencies. 

The FM detector shown in Fig. 461 
is called a balanced phase-shift dis¬ 
criminator. In this detector, the mu¬ 
tually coupled tuned circuits in the 
primary and secondary windings of 
the transformer T are tuned to the 
center frequency. A characteristic of 
a double-tuned transformer is that 
the voltages in the primary and sec¬ 
ondary windings are 90 degrees out 
of phase at resonance, and that the 
phase shift changes as the frequency 
changes from resonance. Therefore, 
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the signal applied to the diodes and 
the RC combinations for peak de¬ 
tection also changes with frequency. 

Because the secondary winding of 
the transformer T is center-tapped, 
the applied primary voltage Ep is 
added to one-half the secondary volt¬ 
age Es through the capacitor Cc The 
addition of these voltages at reso¬ 
nance can be represented by the dia¬ 
gram in Fig. 462; the resultant volt- 



Ep 
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Fig. 462—Diagram illustrating phase shift 
in double-tuned transformer at resonance. 

age El is the signal applied to one 
peak-detector network consisting of 
one diode and its RC load. When 
the signal frequency decreases 
(from resonance), the phase shift of 
Es/2 becomes greater than 90 de¬ 
grees, as shown at (a) in Fig. 463, 
and El becomes smaller. When the 
signal frequency increases (above 



Ep Ep 

(a) (b) 
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Fig. 463—Diagrams illustrating phase shift 
in double-tuned transformer (a) below res¬ 
onance and (b) above resonance. 


resonance), the phase shift of E8/2 
is less than 90 degrees, as shown at 
(b), and Ei becomes larger. The curve 
of El as a function of frequency in 
Fig. 464 is readily identified as the 
response curve of an FM detector. 

Because the discriminator circuit 
shown in Fig. 461 uses a push-pull 
configuration, the diodes conduct on 
alternate half-cycles of the signal 
frequency and produce a plus-and- 
minus output with respect to zero 
rather than with respect to Ei. The 
primary advantage of this arrange¬ 
ment is that there is no output at 
resonance. When an FM signal is 
applied to the input, the audio out¬ 
put voltage varies above and below 
zero as the instantaneous frequency 
varies above and below resonance. 
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Fig. 464—Diagram showing resultant volt¬ 
age El in Fig. 462 as a function of fre¬ 
quency. 

The frequency of this audio voltage is 
determined by the modulation fre¬ 
quency of the FM signal, and the am¬ 
plitude of the voltage is proportional 
to the frequency excursion from reso¬ 
nance. (The resistor R 2 in the circuit 
provides a dc return for the diodes, 
and also maintains a load impedance 
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across the primary winding of the 
transformer.) 

One disadvantage of the balanced 
phase-shift discriminator shown in 
Fig. 461 is that it detects amplitude 
modulation (AM) as well as fre¬ 
quency modulation (FM) in the if 
signal because the circuit is bal¬ 
anced only at the center frequency. 
At frequencies off resonance, any 
variation in amplitude of the if 
signal is reproduced to some ex¬ 
tent in the audio output. 

The ratio-detector circuit shown in 
Fig. 465 is a discriminator circuit 
which has the advantage of being 
relatively insensitive to amplitude 
variations in the FM signal. In this 
circuit, Ep is added to Es/2 through 
the mutual coupling M 2 (this volt¬ 
age addition may be made by either 
mutual or capacitive coupling). Be¬ 
cause of the phase-shift relationship 
of these voltages, the resultant de¬ 
tected signals vary with frequency 
variations in the same manner as de¬ 
scribed for the phase-discriminator 
circuit shown in Fig. 461. How¬ 
ever, the diodes in the ratio de¬ 
tector are placed “back-to-back’’ (in 
series, rather than in push-pull) so 
that both halves of the circuit oper¬ 
ate simultaneously during one-half 
of the signal frequency cycle (and 
are cut off on the other half-cycle). 
As a result, the detected voltages Ei 
and Eo are in series, as shown for 
the instantaneous polarities that oc¬ 
cur during the conduction half-cycle. 
When the audio output is taken be¬ 
tween the equal capacitors Ci and 
Co, therefore, the output voltage is 


equal to (E 2 —Ei)/2 (for equal re¬ 
sistors Ri and R 2 ). 

The dc circuit of the ratio detector 
consists of a path through the sec¬ 
ondary winding of the transformer, 
both diodes (which are in series), and 
resistors Ri and R 2 . The value of the 
electrolytic capacitor Ca is selected 
so that the time constant of Ri, R 2 , 
and Cs is very long compared to the 
detected audio signal. As a result, 
the sum of the detected voltages 
(El + E 2 ) is a constant, and the AM 
components on the signal frequency 
are suppressed. This feature of the 
ratio detector provides improved AM 
rejection as compared to the phase- 
shift discriminator circuit shown in 
Fig. 461. 


AUTOMATIC GAIN CONTROL 

Automatic gain control (age) is 
often used in rf and if amplifiers in 
AM radio and television receivers to 
provide lower gain for strong signals 
and higher gain for weak signals. 
(In radio receivers, this gain-com¬ 
pensation network may also be called 
automatic volume control or avc.) 
When the signal strength at the an¬ 
tenna changes, the age circuit modi¬ 
fies the receiver gain so that the out¬ 
put of the last if-amplifier stage 
remains nearly constant and conse¬ 
quently maintains a nearly constant 
speaker volume or picture contrast. 

The age circuit usually reduces the 
rf and if gain for a strong signal by 
varying the bias on the rf-amplifier 
and if-amplifier stages when the sig- 
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Fig. 465 — Ratio-detector circuit. 
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nal increases. A simple reverse age 
circuit is shown in Fig. 466. On each 
positive half-cycle of the signal volt¬ 
age, when the diode anode is positive 
with respect to the cathode, the diode 
passes current. Because of the flow 
of diode current through Ri, there is 
a voltage drop across Ri which makes 
the upper end of the resistor nega¬ 
tive with respect to ground. This 
voltage drop across Ri is applied, 
through the filter R 2 and C, as reverse 
bias on the preceding stages. When 
the signal strength at the antenna in¬ 
creases, therefore, the signal applied 
to the age diode increases, the volt¬ 
age drop across Ri increases, the re¬ 
verse bias applied tc the rf and if 
stages increases, and the gain of the 
rf and if stages is decreased. As a 
result, the increase in signal strength 
at the antenna does not produce as 
much increase in the output of the 
last if-amplifier stage as it would 
without age. 


AGC 



When the signal strength at the 
antenna decreases from a previous 
steady value, the age circuit acts in 
the opposite direction, applying less 
reverse bias and thus permitting the 
rf and if gain to increase. 

The filter composed of C and R 2 
prevents the age voltage from vary¬ 
ing at an audio frequency. This filter 
is necessary because the voltage 
drop across Ri varies with the modu¬ 
lation of the carrier being received. 
If age voltage were taken directly 
from Ri without filtering, the audio 
variations in age voltage would vary 


the receiver gain so as to smooth 
out the modulation of the carrier. 
To avoid this effect, the age volt¬ 
age is taken from the capacitor C. 
Because of the resistance R 2 in series 
with C, the capacitor can charge 
and discharge at only a compara¬ 
tively slow rate. The age voltage 
therefore cannot vary at frequencies 
as high as the audio range, but can 
vary rapidly at frequencies high 
enough to compensate for most 
changes in signal strength. 

There are two ways in which auto¬ 
matic gain control can be applied 
to a transistor. In the reverse age 
method shown in Fig. 466, age action 
is obtained by decreasing the collec¬ 
tor or emitter current of the tran¬ 
sistor, and thus its transconductance 
and gain. The use of forward age 
provides improved cross-modulation 
characteristics and better signal¬ 
handling capability than reverse age. 
For forward age operation, however, 
the transistor used must be specially 
designed so that transconductance 
decreases with increasing emitter 
current. In such transistors, the 
current-cutoff characteristics are de¬ 
signed to be more remote than the 
typical sharp-cutoff characteristics of 
conventional transistors. (All tran¬ 
sistors can be used with reverse age, 
but only specially designed types 
with forward age.) 

Reverse age is simpler to use, and 
provides less bandpass shift and tilt 
with signal-strength variations. The 
input and output resistances of a 
transistor increase when reverse age 
is applied, but the input and output 
capacitances are not appreciably 
changed. The change in the loading 
of tuned circuits is minimal, how¬ 
ever, because considerable mismatch 
already exists and the additional mis¬ 
match caused by age has little effect. 

In forward age, however, the input 
and output resistances of the tran¬ 
sistor are reduced when the collector 
or emitter current is increased, and 
thus the tuned circuits are damped. 
In addition, the input and output 
capacitances change drastically, and 
alter the resonant frequency of the 



380 


RCA Solid-State Devices Manual 


tuned circuits. In a practical circuit, 
the bandpass shift and tilt caused by 
forward age can be compensated to 
a large extent by the use of passive 
coupling circuits. 

AUTOMATIC FREQUENCY 
CONTROL 

An automatic frequency control 
(afe) circuit is often used to provide 
automatic correction of the oscilla¬ 
tor frequency of a superheterodyne 
receiver when, for any reason, it 
drifts from the frequency which pro¬ 
duces the proper if center frequency. 
This correction is made by adjust¬ 
ment of the frequency of the oscilla¬ 
tor. Such a circuit automatically 
compensates for slight changes in 
rf carrier or oscillator frequency, as 
well as for inaccurate manual or 
push-button tuning. 

An afe system requires two sec¬ 
tions: a frequency detector and a 
variable reactance. The detector sec¬ 
tion may be essentially the same as 
the FM detector illustrated in Fig. 
461. In the afe system, however, the 
output is a dc control voltage, the 
magnitude of which is proportional 
to the amount of frequency shift. 
This dc control voltage is used to 
control the bias on a transistor or 
diode which comprises the variable 
reactance. 

Automatic frequency control is 
also used in television receivers to 
keep the horizontal oscillator in step 
with the horizontal-scanning fre¬ 
quency at the transmitter. A widely 
used horizontal afe circuit is shown 
in Fig. 467. This circuit, which is 


often referred to as a balanced- 
phase-detector or phase-discrimina¬ 
tor circuit, is usually employed to 
control the frequency of the horizon¬ 
tal-oscillator circuit. The detector 
diodes supply a dc control voltage 
to the horizontal-oscillator circuit 
which counteracts changes in its 
operating frequency. The magnitude 
and polarity of the control voltages 
are determined by phase relation¬ 
ships in the afe circuit. 

The horizontal sync pulses ob¬ 
tained from the sync-separator cir¬ 
cuit are fed through a phase-inverter 
or phase-splitter circuit to the two 
diode detectors. Because of the ac¬ 
tion of the phase-inverter circuit, 
the signals applied to the two diode 
units are equal in amplitude but 180 
degrees out of phase. A reference 
sawtooth voltage obtained from the 
horizontal output circuit is also ap¬ 
plied simultaneously to both units. 
The diodes are biased so that con¬ 
duction takes place only during the 
tips of the sync pulses. Any change 
in the oscillator frequency alters 
the phase relationship betwen the 
reference sawtooth and the incoming 
horizontal sync pulses, and thus 
causes one of the diodes to conduct 
more heavily than the other so that 
a correction signal is produced. The 
system remains unbalanced at all 
times, therefore, because momen¬ 
tary changes in oscillator frequency 
are instantaneously corrected by the 
action of this control voltage. The 
network between the diodes and the 
horizontal-oscillator circuit is essen¬ 
tially a low-pass filter which pre¬ 
vents the horizontal sync pulses 
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Fig, 467 — Balanced-phase-detector or phase-discriminator circuit for horizontal afe. 
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from affecting the horizontal-oscilla¬ 
tor performance. 

AM RADIO RECEIVERS USING 
INTEGRATED CIRCUITS 

Modern radio receivers often use 
a single multistage integrated cir¬ 
cuit to provide several major circuit 
functions. The CA3123E is an ex¬ 
ample of an integrated circuit used 
to provide multiple circuit functions 
in AM superheterodyne receiver ap¬ 
plications. With the exception of 
tuning elements, this integrated cir¬ 
cuit contains the basic electronic 
circuitry required for the rf-ampli- 


(diode Di and associated com¬ 
ponents) to the 262-kHz intermedi¬ 
ate frequency commonly used in 
auto AM radio receivers. Audio sig¬ 
nals in the order of 10 millivolts can 
be delivered from the volume-control 
potentiometer to an audio amplifier. 

The CA3088E is another example 
of an integrated-circuit sub-system 
for AM receiver applications. This 
integrated circuit includes the elec¬ 
tronic circuitry for the converter, 
if-amplifier, detector, age, and audio¬ 
preamplifier functions. Fig. 470 
shows the circuit diagram for an 
AM home-radio receiver that uses 
this integrated circuit together with 



Fig. 468—Block diagram of the CA3123E integrated circuit for AM radio receivers. 


fier, mixer, local-oscillator, if-ampli¬ 
fier, and age functions. Fig. 468 
shows the block diagram of the 
CA3123E integrated circuit. Fig. 
469 shows a circuit diagram that 
illustrates the use of this circuit in 
an automobile AM radio receiver. 
Mechanically ganged tuning coils 
are used to adjust the operating fre¬ 
quencies of the antenna circuit and 
the rf-amplifier and local-oscillator 
sections of the CA3123E to cover 
the AM broadcast band of 550 to 
1600 kHz. Transformers T 2 and Ts 
tune the if-amplifier section of the 
CA3123E and the detector circuit 


external tuning circuitry and an op¬ 
tional MOS-transistor rf amplifier. 

FM TUNERS USING 
INTEGRATED CIRCUITS 

Fig. 471 shows the circuit diagram 
of an FM tuner that can provide 
stereo-output audio signals. The 
“front-end’^ tuner circuits employ a 
classical design that uses MOS tran¬ 
sistors in the rf-amplifier and mixer 
stages to produce the 10.7-MHz in¬ 
termediate frequency. The if-ampli- 
fier/limiter and detector functions 
in this tuner are provided by a 
CA3089E integrated circuit. 
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Fig. 469 Schematic diagram of an automobile AM radio receiver using type CA3123E 

integrated circuit. 
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ALL CAPACITANCE VALUES ARE IN MICROFARADS 

Fig. 470—Typical AM broadcast receiver using the CA3088E integrated circuit with an 
optional MOS-transistor rf amplifier stage. 
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FM-IF 

Amplifier/ Limiter/ Detector 

As shown in Fig. 471, the CA3089E 
integrated-circuit subassembly in¬ 
cludes a three-stage FM-if ampli¬ 
fier/limiter with level detectors at 


each stage, a doubly balanced FM 
quadrature detector, and a low-level 
audio amplifier that features an op¬ 
tional muting (squelch) circuit. 
This latter feature permits the audio 
output to be muted during tuning 
and/or to reject stations for which 
the signal strength is low. 
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Fig. 471—FM stereo broadcast receiver using integrated circuits for FM-if system 
(CA3089E) and stereo multiplex decoding (CA3090AQ). 
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The if-amplifier section includes 
several desirable deluxe features 
such as delayed age for the rf am¬ 
plifier, an afe drive circuit, and an 
output signal to drive a tuning 
meter and/or to provide the switch¬ 
ing logic potential that maintains 
the stereo multiplex decoder in the 
monaural mode unless the received 
signal is sufficiently strong to assure 
noise-free stereo reception. 

A ceramic filter is commonly used 
to provide the immediate-frequency 
selectivity between the mixer stage 
and the input stage of the CA3089E 
integrated circuit. The CA3089E 
quadrature detector can be tuned 
with a single tuned circuit, which 
simplifies receiver alignment pro¬ 
cedures. The audio output may be 
applied directly to an audio ampli¬ 
fier if stereo multiplex reception is 
not desired. 

Integrated-Circuit Stereo 
Multiplex Decoder 

Fig. 471 shows the functional ele¬ 
ments and external circuit con¬ 
nections for an integrated-circuit 
FM stereo multiplex decoder, the 
CA3090AQ, as used in a typical FM 
receiver. For stereo operation, a 
minimum input signal voltage (com¬ 
posite) of 40 mV is required for a 
proper operation of the multiplex 
decoder. This stereo multiplex de¬ 
coder requires only one low-induct¬ 
ance tuning coil (requires only one 
adjustment for complete alignment), 
provides automatic stereo switching, 
energizes a stereo indicator lamp, 
and operates from a wide range of 
voltage supplies. 

The input signal from the FM- 
receiver detector is applied at termi¬ 
nal 1 of the CA3090Q. This signal 
is amplified by a low-distortion pre¬ 
amplifier and applied simultaneously 
to both the 19-kHz and 38-kHz syn¬ 
chronous detectors. A 76-kHz signal, 
generated by a local voltage-con¬ 
trolled oscillator (VCO), is counted 
down by two frequency dividers to a 
38-kHz signal and to two 19-kHz 
signals in phase quadrature. The 19- 


kHz pilot-tone supplied by the FM 
detector is compared to the locally 
generated 19-kHz signal in a syn¬ 
chronous detector. The resultant 
signal controls the voltage-controlled 
oscillator (VCO) so that it produces 
an output signal to phase-lock the 
stereo decoder with the pilot tone. 
A second synchronous detector com¬ 
pares the locally generated 19-kHz 
signal with the 19-kHz pilot tone. 
If the pilot tone exceeds an extern¬ 
ally adjustable threshold voltage, 
a Schmitt trigger circuit is ener¬ 
gized. The signal from the Schmitt 
trigger lights the stereo indicator, 
enables the 38-kHz synchronous de¬ 
tector, and automatically switches 
the CA3090AQ from monaural to 
stereo operation. The output signal 
from the 38-kHz detector and the 
composite signal from the preampli¬ 
fier are applied to a matrixing cir¬ 
cuit from which emerge the resultant 
left-and-right-channel audio signals. 
The signals are applied to their re¬ 
spective left and right post-ampli¬ 
fiers to a level sufficient to drive most 
audio amplifiers. The CA3090AQ 
may be used without the stereo 
defeat/enable function if a control 
voltage for this function is not read¬ 
ily available. In this mode of opera¬ 
tion, terminal 4 should be grounded. 

The CA3090AQ integrated-circuit 
FM stereo-broadcast multiplex-de¬ 
coder employs sophisticated phase- 
locked-loop (PLL) circuitry. The 
input signal contains a 19-kHz pilot- 
tone when stereo signals are being 
broadcast. This signal is used to 
'^lock'’ a 76-kHz VCO. Appropriate 
frequency-dividers are used to pro¬ 
vide the 19-kHz and 38-kHz signals 
required for the operation of the 
three phase-detectors used in the 
circuit. 

TV RECEIVER CIRCUITS 

A wide variety of integrated cir¬ 
cuit types is used in TV receivers, 
particularly in color-TV receivers. 
Fig. 472 shows the block diagram 
of a color-TV receiver that uses 
six types of integrated circuits. 
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Fig. 472—Block diagram of solid-state color TV receiver using integrated circuits. 
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AFT Circuit 

Accurate tuning is a prerequisite 
for optimized reception of color-TV 
signals; the use of automatic-fine- 
tuning (AFT) circuitry, therefore, 
is a valuable asset. The CA3064 in¬ 
tegrated circuit operates in conjunc¬ 
tion with a phase-detector trans¬ 
former tuned to the picture inter¬ 
mediate frequency (e.g., 45.75 MHz). 
A sample of the PIX-if signal is 
applied to the input of the CA3064. 
Any deviation from the desired fre- 


sired 45.75 MHz signal to the pic¬ 
ture if section of the receiver. Fig. 
473 shows a typical AFT circuit that 
uses the CA3064. 

Picture IF Circuit 

The CA3068 is a comprehensive 
integrated circuit that performs all 
the subsystem functions for the TV- 
if section, e.g., video if amplification, 
linear detection, video output ampli¬ 
fication, age from a keyed supply, 
age delay for the tuner, sound- 


10 kA-3W 



Fig. 473—Block diagram of typical operating circuit utilizing the CA3064. 


quency results in a dc error-signal 
output from the CA3064. This error 
signal is applied to varactor tuning 
diodes in the vhf and uhf local- 
oscillator circuits in the tuners. The 
local-oscillator frequencies are then 
“pulled” in the appropriate direction 
until the error-signal correction goes 
to zero, indicating that the mixer in 
the vhf tuner is delivering the de¬ 


carrier detection, sound-carrier am¬ 
plification, and a buffered output to 
drive the AFT circuitry. This inte¬ 
grated circuit also includes second¬ 
ary functions for improved noise 
immunity and a zener diode to con¬ 
trol the power-supply regulator. A 
typical circuit arrangement that 
uses the CA3068 is shown in Fig. 
474. 
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Fig, 474—Schematic diagram showing connections for CA3068 in a picture-if-amplifier 

application. 


Sound IF Circuit 

The CA3065 integrated-circuit 
TV-sound subsystem contains a 
multistage intercarrier-sound (e.g., 
4.5 MHz) if-amplifier/limiter, an 
FM detector, an electronic audio at¬ 
tenuator, an integral voltage regu¬ 
lator, and an audio amplifier-driver 
that can directly drive an n-p-n tran¬ 
sistor audio-power stage. The FM 
signal is detected by a differential 
peak-detector which requires only 
one tuned circuit for ease of align¬ 
ment. A unique feature of the 
CA3065 is the electronic attenuator 


which performs the conventional 
volume control function by means 
of a simple external rheostat. Be¬ 
cause no audio signal is present in 
this control, hum or noise pickup 
can be by-passed. Fig. 475 shows a 
typical TV-sound output circuit that 
uses the CA3065. 

Color Demodulation Circuit 

Two integrated circuits, the 
CA3126Q and CA3067, perform the 
entire chroma processing and de¬ 
modulation functions. The CA3126Q 
uses phase-locked-loop techniques in 
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Fig. 475—Block diagram of CA3065 in a typical TV sound-if application. 


regenerating the chroma sub-carrier 
and employs sample-and-hold tech¬ 
niques in the automatic frequency- 
phase control (AFPC) servo loop. 
The automatic chrominance control 
(ACC)/color-killer detector circui¬ 
ty also employs sample-and-hold 
techniques. Supplementary ACC is 
provided to prevent oversaturation 
of the picture tube. Few external 
components are required and only 
initial crystal-filter tuning is re¬ 
quired for alignment. The CA3067 
performs the demodulation and tint 
control functions. The chroma de¬ 
modulation components are matrixed 
and dc-shifted in voltage to give the 
R-Y, G-Y, and B-Y color difference 
components with close dc balance 
and the proper amplitude ratios for 
the matrix amplifiers which drive 


the picture tube. A more detailed 
discussion of the use of integrated 
circuits for color demodulation is 
given in the section TV Deflection 
and Chroma Circuits. 


Remote Control Circuit 

Many TV receivers use remote- 
control systems as an option. Many 
of these systems employ ultrasonic 
signals to effect remote control. A 
microphone in the receiver is used 
to pick up the comparatively weak 
ultrasonic signals (e.g., in the prox¬ 
imity of 40 kHz). The CA3035 in¬ 
tegrated circuit can be used to pro¬ 
vide the high voltage gain (e.g., 129 
dB) required between the pickup 
microphone and the control system. 
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R F power transistors are used in 
high-frequency amplifiers and 
oscillators for military, industrial, 
and consumer applications. They are 
operated class A, B, or C, with fre¬ 
quency- or amplitude-modulation, 
single sideband or double sideband, 
in environments ranging from air¬ 
borne to marine. 

BASIC DESIGN 
CONSIDERATIONS 

In the design of silicon-transistor 
rf power amplifiers for use in trans¬ 
mitting systems, several fundamen¬ 
tal factors must be considered. As 
with any power amplifier, the class 
of operation has an important bear¬ 
ing on the power output, linearity, 
and operating efficiency. The match¬ 
ing characteristics of input and out¬ 
put terminations significantly affect 
power output and frequency sta¬ 
bility and, therefore, are particu¬ 
larly important considerations in 
the design of transistor rf power 
amplifiers. The selection of the 
proper transistor for a given circuit 
applications is also a major consid¬ 
eration, and the circuit designer 
must realize the significance of the 
various transistor parameters to 
make a valid evaluation of differ¬ 
ent types. 

Class of Operation 

The class of operation of an rf 
amplifier is determined by the cir¬ 
cuit performance required in the 


given applications. Class A power 
amplifiers are used when extremely 
good linearity is required. Although 
power gain in this class of service 
is considerably higher than that in 
class B or class C service, the oper¬ 
ating efficiency of a class A power 
amplifier is usually only about 25 
per cent. Moreover, the standby 
drain and thermal dissipation of a 
class A stage are high, and care 
must be exercised to assure thermal 
stability. 

In applications that require good 
linearity, such as single-sideband 
transmitters, class B push-pull oper¬ 
ation is usually employed because 
the transistor dissipation and stand¬ 
by drain are usually much smaller 
and operating efficiency is higher. 
Class B operation is characterized 
by a collector conduction angle of 
180 degrees. This conduction is ob¬ 
tained by use of only a slight amount 
of forward bias in the transistor 
stage. In this class of service, care 
must be taken to avoid thermal run¬ 
away. 

In a class C transistor stage, the 
collector conduction angle is less 
than 180 degrees. The gain of the 
class C stage is less than that of a 
class A or class B stage, but is en¬ 
tirely usable. In addition, in the 
class C stage, standby drain is vir¬ 
tually zero, and circuit efficiency is 
the highest of the three classes. Be¬ 
cause of the high efficiency, low col¬ 
lector dissipation, and negligible 
standby drain, class C operation is 
the most commonly used mode in rf 
power-transistor applications. 



RF Amplifiers and Oscillators 

For class C operation, the base-to- 
emitter junction of the transistor 
must be reverse-biased so that the 
collector quiescent current is zero 
during zero-signal conditions. Fig. 
476 shows four methods that may be 
used to reverse-bias a transistor 
stage. 
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developed across the base spreading 
resistance. The magnitude of this 
bias is small and uncontrollable be¬ 
cause of the variation in rbb' among 
different transistors. A better ap¬ 
proach, shown in Fig. 476(c), is to 
develop the bias across an external 
resistor Rb. Although the bias level 





Fig. 476—Methods for obtaining class C reverse bias: (a) by use of fixed dc supply 
Ffijs; (b) by use of dc base current through the base spreading resistance ri,ii'; (c) by 
use of dc base current through an external base resistance Rs,' (d) by use of self bias 
developed across an emitter resistor Re. 


Fig. 476(a) shows the use of a 
dc supply to establish the reverse 
bias. This method, although effec¬ 
tive, requires a separate supply, 
which may not be available or may 
be difficult to obtain in many appli¬ 
cations. In addition, the bypass ele¬ 
ments required for the separate sup¬ 
ply increase the circuit complexity. 

Figs. 476(b) and 476(c) show 
methods in which reverse bias is 
developed by the flow of dc base 
current through a resistance. In the 
case shown in Fig. 476(b), bias is 


is predicable and repeatable, the 
size of Rb must be carefully chosen 
to avoid reduction of the collector- 
to-emitter breakdown voltage. 

The best reverse-bias method is 
illustrated in Fig. 476(d). In this 
method, self-bias is developed across 
an emitter resistor Re. Because no 
external base resistance is added, 
the collector-to-emitter breakdown 
voltage is not affected. An addi¬ 
tional advantage of this approach 
is that stage current may be moni¬ 
tored by measurement of the voltage 
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drop across Re. This technique is 
very helpful in balancing the shared 
power in paralleled stages. The bias 
resistor Re must be bypassed to pro¬ 
vide a very-low-impedance rf path 
to ground at the operating fre¬ 
quency to prevent degeneration of 
stage gain. In practice, emitter by¬ 
passing is difficult and frequently 
requires the use of a few capacitors 
in parallel to reduce the series in¬ 
ductance in the capacitor leads and 
body. Alternatively, the lead-induct¬ 
ance problem may be solved by for¬ 
mation of a self-resonant series cir¬ 
cuit between the capacitor and its 
leads at the operating frequency. 
This method is extremely effective, 
but may restrict stage bandwidth. 

Modulation (AM, FM, SSB) 

Amplitude modulation of the col¬ 
lector supply of a transistor output 
stage does not result in full modu¬ 
lation. During down-modulation, a 
portion of the rf drive feeds through 
the transistor. Better modulation 
characteristics can be obtained by 
modulation of the supply to at least 
the last two stages in the transmitter 
chain. On the downward modulation 
swing, drive from the preceding 
modulated stages is reduced, and 
less feed-through power in the out¬ 
put results. Flattening of the rf out¬ 
put during up-modulation is reduced 
because of the increased drive from 
the modulated lower-level stages. 

The modulated stages must be op¬ 
erated at half their normal voltage 
levels to avoid high collector-voltage 
swings that may exceed transistor 
collector-to-emitter breakdown rat¬ 
ings. RF stability of the modulated 
stages should be checked for the en¬ 
tire excursion of the modulating 
signal. 

Amplitude modulation of transis¬ 
tor transmitters may also be ob¬ 
tained by modulation of the lower- 
level stages and operation of the 
higher-level stages in a linear mode. 
The lower efficiencies and higher 
heat dissipation of the linear stages 
override any advantages that are de¬ 


rived from the reduced audio-drive 
requirements; as a result, this ap¬ 
proach is not economically practical. 

Frequency modulation involves a 
shift of carrier frequency only. 
Carrier deviations are usually very 
small and present no problems in 
amplifier bandwidth. For example, 
maximum carrier deviations in the 
50-MHz and 150-MHz mobile bands 
are only 5 kHz. Because there is no 
amplitude variation, class C rf tran¬ 
sistor stages have no problems 
handling frequency modulation. 

Single-sideband (SSB) modula¬ 
tion requires that all stages after 
the modulator operate in a linear 
mode to avoid intermodulation- 
distortion products near the carrier 
frequency. In many SSB applica¬ 
tions, channel spacing is close, and 
excessive distortion results in ad¬ 
jacent-channel interference. Distor¬ 
tion is effectively reduced by class 
B operation of the rf stages, with 
close attention to biasing the tran¬ 
sistor base-to-emitter junction in a 
near-linear region. 

Matching Requirements 

A simplified high-frequency 
equivalent circuit of an “overlay” 
type of transistor is shown in Fig. 
477. This circuit is similar to the 


Cbc 



Fig. 477—Simplified high-frequency 
equivalent circuit for an ^'overlay'* 
transistor. 


hybrid-pi equivalent circuit of a 
transistor except for the addition of 
the capacitance Cbc. This capaci¬ 
tance represents the high collector- 
to-base capacitance in the overlay 
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transistor which is created by the 
large area of the collector-to-base 
junction together with the active 
area under the emitter. This capaci¬ 
tance and the capacitance Cb'c vary 
nonlinearly with the collector-to- 
emitter voltage. 

Maximum performance in a tran¬ 
sistor rf amplifier can be obtained 
only if the base and collector termi¬ 
nals are properly terminated. The 
input network generally is required 
to match a 50-ohm source to the 
relatively low base-to-emitter im¬ 
pedance, which includes approxi¬ 
mately 1 to 10 ohms of resistance 
and some series reactance. The out¬ 
put network must match a resistive 
component and the transistor out¬ 
put capacitance to a load impedance, 
which is generally about 50 ohms. 
In most applications, the output net¬ 
work also acts as a band-rejection 
filter to eliminate unwanted fre¬ 
quency components that may be in¬ 
cluded in the collector waveform. 
The filter presents a high impedance 
to these unwanted frequencies and 
also increases collector efficiency. 
The power output and collector- 
voltage swing determine the resis¬ 
tive components to be presented to 
the collector. The design and form 
of the output networks (resonant 
circuits for narrow-band operation 
or transmission lines for broad-band 
operation) are discussed in a later 
section. 

Matching networks for rf ampli¬ 
fiers perform two important func¬ 
tions. First, they transform imped¬ 
ance levels as required by the active 
and fixed elements (e.g., transistor 
output to antenna impedance). Sec¬ 
ond, they provide frequency dis- 
criminaton by virtue of the ^^quality 
factor” (Q) of the resonant circuit, 
transform harmonic energy into de¬ 
sired output-frequency energy, and 
prevent the presence of undesired 
frequency components in the output. 

The design of matching circuits 
is based on the following require¬ 
ments : 

(1) desired or actual network out¬ 
put impedance specified by the series 


reactance Xs or shunt conductance 
Gp and shunt susceptance Bp; 

(2) desired or actual network in¬ 
put impedance specified by Rs and 
Xs or Gp and Bp; 

(3) loaded circuit Q calculated 
with input and output terminations 
connected. 

The usual approach is to use L, 
T, or twin-T matching pads or 
tuned-transformer networks. More 
sophisticated systems may use ex¬ 
ponential lines and balun trans¬ 
formers. 

I n p u t-Circuit Requirements—In 
practically all power-transistor 
stages, the input circuit must pro¬ 
vide a match between a source im¬ 
pedance that is high compared to 
the transistor input impedance and 
the transistor input. When several 
stages are used, both the input and 
output impedance of a driver stage 
are usually higher than those of 
the following stage. 

In most good rf transistors, the 
real part of the input impedance is 
usually low, in the order of a few 
tenths of an ohm to several ohms. 
In a given transistor family, the 
resistive part of the common- 
emitter input impedance is always 
inversely proportional to the area 
of the transistor and, therefore, is 
inversely proportional to the power- 
output capability of the transistor, 
if equal emitter inductances are as¬ 
sumed. 

The reactive part of the input im¬ 
pedance is a function of the tran¬ 
sistor package inductance, as well 
as the input capacitance of the tran¬ 
sistor itself. When the capacitive 
reactance is smaller than the induc¬ 
tive reactance, low-frequency feed¬ 
back to the base may be excessive. 
It is not uncommon to use an in¬ 
ductive input for high-power large- 
area transistors because the input 
reactance is a series combination of 
the package lead inductance and the 
input capacitance of the transistor 
itself. Thus, at low frequencies, the 
input is capacitive, and at higher 
frequencies, it becomes inductive. At 
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some single frequency, it is entirely 
resistive. 

Output-Circuit Requirements—Al¬ 
though maximum power gain is ob¬ 
tained under matched conditions, a 
mismatch may be required to meet 
other requirements. Under some con¬ 
ditions, a mismatch may be neces¬ 
sary to obtain the required selectiv¬ 
ity. In power amplifiers, the load 
impedance presented to the collector, 
Rl, is not made equal to the output 
resistance of the transistor. Instead, 
the value of Rl is dictated by the re¬ 
quired power output and the peak 
dc collector voltage. The peak ac 
voltage is always less than the sup¬ 
ply voltage because of the rf satura¬ 
tion voltage. The collector load re¬ 
sistance Rl may be expressed as fol¬ 
lows: 

Rl = (Vcc)V2Po 

Designs for tuned, untuned, nar¬ 
row-band high-Q, and broad-band 
coupling networks are considered 
later under specific applications. In 
some cases, particularly mobile and 
aircraft transmitters, considerations 
for safe operation must include 
variations in the load, both in mag¬ 
nitude and phase. Safe-operation 
considerations may include protec¬ 
tive circuits or actual test specifica¬ 
tions imposed on the transistor to 
assure safe operation under the 
worst-load conditions. 

Transistor Selection 

In selection of a transistor and 
circuit configuration for an rf power 
amplifier, the designer should be 
familiar with the following transis¬ 
tor and circuit characteristics: 

(1) maximum transistor dissipa¬ 
tion and derating, 

(2) maximum collector current, 

(3) maximum collector voltage, 

(4) input and output impedance 
characteristics, 

(5) high-frequency current-gain 
figure of merit (fT), 


(6) operational parameters such 
as efficiency, usable power output, 
power gain, and load-pulling capa¬ 
bility. 

Proper cooling must be provided 
to prevent destruction of the tran¬ 
sistor because of overheating. Tran¬ 
sistor dissipation and derating in¬ 
formation reflect how well the heat 
generated within the transistor can 
be removed. This factor is deter¬ 
mined by the junction-to-case ther¬ 
mal resistance of the transistor. A 
good rf power transistor is charac¬ 
terized by a low junction-to-case 
thermal resistance. 

The current gain of an rf transis¬ 
tor varies approximately inversely 
with emitter current at high emit¬ 
ter-current levels. Peak collector 
current may be determined by the 
allowable amount of gain degrada¬ 
tion at high frequencies. For appli¬ 
cations in which amplitude modu¬ 
lation or low supply voltages are in¬ 
volved, peak current-handling capa¬ 
bilities are very important criteria 
to good performance. 

The maximum collector-voltage 
rating must be high enough so that 
junction breakdown does not occur 
under conditions of large collector 
voltage swing. The large voltage 
swing is produced under conditions 
of amplitude modulation or reactive 
loading because of load mismatch 
and circuit tuning operations. 

Before the proper matching net¬ 
works of an rf amplifier can be de¬ 
signed, transistor impedance (or 
admittance) characteristics at the 
expected operating conditions of the 
circuit must be known. It is im¬ 
portant that the value and depend¬ 
ence of transistor impedances on 
collector current, supply voltage, and 
operating frequency be defined. 

The term fx defines the frequency 
at which the current gain of a de¬ 
vice is unity. This parameter is es¬ 
sential to the determination of the 
power-gain performance of an rf 
transistor at a particular frequency. 
Because fx is current-dependent, it 
normally decreases at very high 
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emitter currents. Therefore, it 
should be determined at the operat¬ 
ing current levels of the circuit. A 
high fT at high emitter or collector 
current levels characterizes a good 
rf transistor. 

The operational parameters of an 
rf transistor can be considered to 
be those measured during the per¬ 
formance of a given circuit in which 
this type of transistor is used. The 
information displayed by these 
parameters is of a direct and prac¬ 
tical interest. Operating efficiencies 
can normally be expected to vary 
between 30 and 80 per cent. When¬ 
ever possible, a circuit should em¬ 
ploy transistors that have opera¬ 
tional parameters specified at or 
near the operating conditions of the 
circuit so that comparisons can be 
made. 

In some rf power applications, 
such as mobile radio, the transistors 
must withstand adverse conditions 
because high SWR^s are produced by 
faulty transmission cables or an¬ 
tennas. The ability of a transistor 
to survive these faults is some¬ 
times referred to as load-pulling or 
mismatch capability, and depends on 
transistor breakdown characteristics 
as well as circuit design. The load¬ 
pulling effects that the transistor 
may be subjected to can be deter¬ 
mined by replacement of the rf load 
with a shorted stub and movement 
of the short through a half wave¬ 
length at the operating frequency. 
Dissipation capabilities of a tran¬ 
sistor subjected to load pulling must 
be higher than normal to handle the 
additional device dissipation created 
by the mismatch. 


Multiple Connection of 
Power Transistors 

Many applications require more 
rf power than a single transistor 
can supply. The parallel approach 
is the most widely used method for 
multiple connection of power tran¬ 
sistors. 


In parallel operation of transis¬ 
tors, steps must be taken to assure 
equal rf and thermal load sharing. 
In one approach, the transistors are 
connected directly in parallel. This 
approach, however, is not very prac¬ 
tical from an economic standpoint 
because it requires the use of tran¬ 
sistors that are exactly matched in 
efficiencies, power gains, terminal 
impedances, and thermal resistances. 
A more practical approach is to em¬ 
ploy signal splitting in the input 
matching network. By use of adjust¬ 
able components in each leg, ade¬ 
quate compensation can be made for 
variations in power gains and in¬ 
put impedances to assure equal load 
sharing between the transistors. For 
applications in which low supply 
voltages are used and high power 
outputs are desired, the output im¬ 
pedance of the rf amplifier is very 
low. For this reason, it is beneficial, 
in the interest of paralleling effi¬ 
ciency, to split the collector loads. 
By use of separate collector coils, 
the power outputs may be combined 
at higher impedance levels at which 
the effect of any asymmetry intro¬ 
duced by lead inductances is insig¬ 
nificant and resistive losses are less. 
The use of separate collector coils 
also permits individual collector cur¬ 
rents to be monitored. 


Circuit Stability 

Frequency stability is an import¬ 
ant consideration in the design of 
high-frequency transistor circuits. 
Most instabilities occur at frequen¬ 
cies well below the frequency of op¬ 
eration because of the increased 
gain at lower frequencies. With the 
gain increasing at 6 dB per oc¬ 
tave any parasitic low-frequency 
resonant loop can set the circuit into 
oscillation. Such parasitic oscilla¬ 
tions can result in possible destruc¬ 
tion of the transistor. These low- 
frequency loops can usually be 
traced to inadequate bypassing of 
power-supply leads, circuit com¬ 
ponent self-resonances, or rf choke 
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resonances with circuit or transistor 
capacitances. Supply bypassing can 
be effected by use of two capacitors, 
one for the operating frequency and 
another for the lower frequencies. 
For amplifiers operated in the 25- 
to-70-MHz range, sintered-electrode 
tantalum capacitors can provide ex¬ 
cellent bypassing at all frequencies 
of concern. At uhf and higher fre¬ 
quencies, these capacitors may be 
lossy and therefore not effective for 
bypassing. High-Q ceramic bypass 
capacitors are better suited for uhf 
use. RF chokes, when used, should 
be low-Q types and should be kept 
as small as possible to reduce circuit 
gain at lower frequencies. Chokes 
of the ferrite-bead variety have 
been used very successfully as base 
chokes. Collector rf chokes can be 
avoided by use of a coil in the match¬ 
ing network to apply dc to the col¬ 
lector. 

Because of the variation of tran¬ 
sistor parameters with changes in 
collector voltage and current, the 
stability of an rf transistor stage 
should be checked under all ex¬ 
pected conditions of supply voltage, 
drive level, source mismatch, load 
mismatch, and, in the case of ampli¬ 
tude modulation, modulation swing. 

Parametric oscillation is another 
form of instability that can occur 
in rf circuits that use power tran¬ 
sistors. The transistor collector-to- 
base capacitance, as stated pre- 
vously, is nonlinear and can cause 
oscillations that appear as low-level 
spurious frequencies not related to 
the carrier frequency. 

Careful selection of components is 
necessary to obtain good perform¬ 
ance in an rf transistor circuit. The 
components should be checked with 
an impedance bridge for parasitic 
impedances and self-resonances. 
When parasitic elements are en¬ 
countered, their possible detrimen¬ 
tal effects on circuit performance 
should be determined. This pro¬ 
cedure helps the designer select coils 
and capacitances with low losses and 


high self-resonances (capacitors of 
the “bypass feed-through” or “mica 
postage stamp” variety can have 
very high self-resonances). Resistors 
used in rf current paths should 
have low series inductance and 
shunt capacitance (generally, low- 
wattage carbon resistors are quite 
acceptable). 

Circuit layout and construction 
are also important for good per¬ 
formance. Chassis should be of a 
high-conductivity material such as 
copper or aluminum. Copper is 
sometimes preferable because of its 
higher conductivity and the fact 
that components can be soldered di¬ 
rectly to the chassis. Another chassis 
approach now becoming popular is 
the use of double-side laminated 
printed-circuit boards. The circuit, 
in this approach, may be arranged 
so that all the conductors are on one 
side of the board. The opposite-side 
foil is then employed as an addi¬ 
tional shield. Whenever possible, the 
chassis should be designed on a 
single plane to reduce chassis induct¬ 
ance and to minimize unwanted 
ground currents. 

It must be remembered that, at rf 
frequencies, any conductor has an 
inductive and resistive impedance 
that can be significant when com¬ 
pared to other circuit impedances 
in a transistor amplifier. It follows, 
therefore, that wiring should be as 
direct and short as possible. It is 
also helpful to connect all grounds 
in a small area to prevent chassis 
inductance from causing common- 
impedance gain degeneration in the 
emitter circuit. Busses or straps 
may be used, but it should be re¬ 
membered that these items have 
some inductance and that the point 
at which a component is connected 
to a buss can affect the circuit. 

Coils used in input and output 
matching networks should be ori¬ 
ented to prevent unwanted coupling. 
In some applications, such as high- 
gain stages, coil orientation alone 
is not enough to prevent instability 
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or strange tuning characteristics, 
and additional shielding between 
base and collector circuits must be 
used. 

In common-emitter circuits, stage 
gain is very dependent on the im¬ 
pedance in series with the emitter. 
Even very small amounts of in¬ 
ductive degeneration can drastically 
reduce circuit gain at high frequen¬ 
cies. Although emitter degeneration 
results in better stability, it should 
be kept as low as possible to provide 
good gain and to reduce tuning 
interaction and feedback between 
output and input circuits. The emit¬ 
ters of many rf power transistors 
are internally connected to the case 
so that the lowest possible emitter- 
lead inductance is achieved. This 
technique substantially reduces the 
problems encountered when the tran¬ 
sistor is fastened directly to the 
chassis. If a transistor with a sepa¬ 
rate emitter lead is used, every at¬ 
tempt should be made to provide a 
low-inductance connection to the 
chassis, even to the point of con¬ 
necting the chassis directly to the 
lead (or pin) as close to the tran¬ 
sistor body as practicable. In ex¬ 
treme cases, emitter tuning by series 
resonating of the emitter-lead in¬ 
ductance is employed. 

Another important area of con¬ 
cern involves the removal of heat 
generated by the transistor. Ade¬ 
quate thermal-dissipation capabili¬ 
ties must be provided; in the case 
of low-power devices, the chassis 
itself may be used. Finned heat 
sinks and other means of increas¬ 
ing radiator area are used with 
higher-power devices. Consideration 
must also be given to ambient varia¬ 
tions and mismatch conditions dur¬ 
ing tuning operations or load pull¬ 
ing, when transistor dissipation can 
increase. Under such conditions, the 
thermal resistance of the transis¬ 
tor may be the limiting factor, and 
may dictate either a change to an¬ 
other device of lower thermal re¬ 
sistance or a parallel mode of op¬ 
eration using the existing transistor. 


MOBILE AND MARINE 
RADIO 

In the United States, three fre¬ 
quency bands have been asigned to 
two-way mobile radio communica¬ 
tions by the Federal Communica¬ 
tions Commission. These frequency 
bands are 25 to 50 MHz, 148 to 174 
MHz, and 450 to 470 MHz. The low- 
frequency band for overseas mobile 

Frequency modulation (FM) is 
used for mobile radio communica¬ 
tions in the Untied States and most 
overseas countries. The modulation 
is achieved by phase-modulation of 
the oscillator frequencies (usually 
the 12th or 18th submultiple of the 
operating frequency). In vhf bands, 
the frequency deviation is ±5 kHz 
and channel spacing is 25 kHz. In 
uhf bands, at present, the modula¬ 
tion deviation is ±15 kHz and chan¬ 
nel spacing is 50 kHz. In the United 
Kingdom, AM as well as FM is used 
in mobile communications. 

The minimum mobile-transmitter 
power-output levels in the United 
States are 50 watts in the 50-MHz 
band, 30 watts in the 174-MHz band, 
and 15 watts in the 470-MHz band. 
Some of the transmitters used in 
the United States have power-output 
ratings well in excess of 100 watts. 
Overseas power requirements are 
more moderate and are often regu¬ 
lated by law; the most common 
power output level is 12 watts at 
the antenna. 

Most mobile-radio transmitters 
are designed to operate directly 
from the 12-volt electrical system 
of a vehicle. Tables XLIII and 
XLIV list the variety of RCA rf 
power transistors characterized for 
mobile-radio applications. The power 
output and gain, operating fre¬ 
quency, supply voltage, and pack¬ 
age for each type are also indicated. 
The RCA data bulletin for each type 
provides detailed ratings and char¬ 
acteristics data for each device. 
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Table XLIII—Types for UHF Mobile-Radio Applications 


Type 

Operating 

Frequency 

(MHz) 

Min. 

Output 

Power 

(W) 

Collector- 

Supply 

Voltage 

(V) 

Min. 

Power 

Gain 

(dB) 

Package 

Type 

41008 

470 

0.5 

9 

5.2 

HF-47 

41008A 

470 

0.5 

9 

5.2 

HF-41 

41009 

470 

2 

9 

6 

HF-47 

41009A 

470 

2 

9 

6 

HF-41 

41010 

470 

5 

9 

4 

HF-41 

40964 

470 

0.4 

12 

6 

TO-39 

40965 

470 

0.5 

12 

7 

TO-39 

2N5914 

470 

2 

12.5 

7 

TO-216AA 

40967 

470 

2 

12.5 

7 

HF-44 

40968 

470 

6 

12.5 

4.8 

HF-44 

2N5915 

470 

6 

12.5 

4.8 

TO-216AA 


Table 

XLIV—Types for 

VHF 

Mobile-Radio Applications 

Type 

Operating 

Frequency 

(MHz) 

Min. 

Output 

Power 

(W) 

Collector- 

Supply 

Voltage 

(V) 

Min. 

Power 

Gain 

(dB) 

Package 

Type 

2N4427 

175 

1 

12 

10 

TO-39 

40280 

175 

1 

13.5 

9 

TO-39 

2N5913 

175 

1.75 

12.5 

12.4 

TO-39 

40972 

175 

1.75 

12.5 

12.4 

TO-39 

40281 

175 

4 

13.5 

6 

TO-60 

2N5995 

175 

7 

12.5 

9.7 

TO-216AA 

40973 

175 

10 

12.5 

7.6 

HF-44 

40282 

175 

12 

13.5 

4.8 

TO-60 

40974 

175 

25 

12.5 

4.5 

HF-44 
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SINGLE-SIDEBAND band applications. The power out- 

TRANSMITTERS frequency, supply voltage, and 

package for these types are also in- 
The increase in communication dicated. More detailed ratings and 

traffic, especially in the hf and vhf characteristic data are contained in 

ranges, necessitates more effective the RCA data bulletin for each de¬ 
use of the frequency spectrum so vice, 

that more channels can be assigned 

to a given spectrum. It has been AdV3nt3g6S Of 

shown that one of the more efficient SSB Tr3nsmiSSion 

methods of communication is through 

the use of single-sideband (SSB) Single-sideband communication sys- 
techniques. In the past, the power- terns have many advantages over AM 

amplifier stages of an SSB trans- and FM systems. In areas in which 

mitter invariably employed tubes be- reliability of transmission as well 

cause of the lack of suitable high- as power conservation are of prime 

frequency power transistors. Recent concern, SSB transmitters are usual- 

transistor developments, however, ly employed. The main advantages 

have made it feasible and practical of SSB operation include reduced 

to design and construct all-solid- power consumption for effective 

state single-sideband equipment for transmission, reduced channel width 

both portable and vehicular appli- to permit more transmitters to be 

cations. operated within a given frequency 

Unlike most commercially avail- range, and improved signal-to-noise 
able rf power transistors, which are ratio. 

normally designed primarily for In a conventional 100-per-cent 
class C operation, an SSB transistor modulated AM transmitter, two- 

is designed for linear applications thirds of the total power delivered 

and should have a flat beta curve by the power amplifier is at the car- 

for low distortion, and emitter bal- rier frequency, and contributes noth- 

last resistance for stability and de- ing to the transmission of intelli- 

generation. In high-power amplifi- gence. The remaining third of the 

ers, transistor junctions experience total radiated power is distributed 

wide excursions in temperature and equally between the two sidebands, 

a means must be provided to sense Because both sidebands are identical 

the collector-junction temperature in intelligence content, the transmis- 

so that an external circuit can be sion of one sideband would be suf- 

used to provide bias compensation to ficient. In AM, therefore, only one- 

prevent an excessive shift in oper- sixth of the total rf power is fully 

ating point and to avoid catastrophic utilized. In an SSB system, no power 

device failure as a result of thermal is transmitted in the suppressed side- 

runaway. Table XLV lists several band, and power in the carrier is 

rf power transistors for single-side- greatly reduced or eliminated; as a 


Table XLV—Types for Single-Sideband Applications and for 
Military Communications 


Type 

Operating 

Frequency 

(MHz) 

Min. 

Output 

Power 

(W) 

Collector- 

Supply 

Voltage 

(V) 

Min. 

Power 

Gain 

(dB) 

Package 

Type 

40082 

30 

2.5(PEP) 

12.5 

10 

TO-39 

40936 

30 

20(PEP) 

28 

13 

TO-60 

2N5070 

30 

25(PEP) 

28 

13 

TO-60 

2N6093 

30 

75(PEP) 

28 

13 

TO-217AA 

2N5071 

76 

24 

24 

9 

TO-60 



400 


RCA Solid-State Devices Manual 


result, the dc power requirement is 
substantially reduced. In other words, 
for the same dc input power, the 
peak useful output power of an SSB 
transmitter in which the carrier is 
completely suppressed is theoretical¬ 
ly six times that of a conventional 
AM transmitter. 

Another advantage of SSB trans¬ 
mission is that elimination of one 
sideband reduces the channel width 
required for transmission to one-half 
that required for AM transmission. 
Theoretically, therefore, two SSB 
transmitters can be operated within 
a frequency spectrum that is nor¬ 
mally required for one AM trans¬ 
mitter. 

In a single-sideband system, the 
signal-to-noise power ratio is eight 
times as great as that of a fully 
modulated double-sideband system 
for the same peak power. 


Linearity Test 

For an amplifier to be linear, a 
relationship must exist such that the 
output voltage is directly propor¬ 
tional to the input voltage for all 
signal amplitudes. Because a single¬ 
frequency signal in a perfectly linear 
single-sideband system remains un¬ 
changed at all points in the signal 
path, the signal cannot be distin¬ 
guished from a cw signal or from 
an unmodulated carrier of an AM 
transmitter. To measure the linear¬ 
ity of an amplifier, it is necessa¬ 
ry to use a signal that varies in 
amplitude. In the method common¬ 
ly used to measure nonlinear dis¬ 
tortion, two sine-wave voltages of 
different frequencies are applied to 
the amplifier input simultaneous¬ 
ly, and the sum, difference, and 
various combination frequencies that 
are produced by nonlinearities of 
the amplifier are observed. A fre¬ 
quency difference of 1 to 2 kHz is 
used widely for this purpose. A typ- 
icla two-tone signal without distor¬ 
tion, as displayed on a spectrum 
analyzer, is shown in Fig. 478. The 
resultant signal envelope varies con¬ 
tinuously between zero and maxi¬ 


mum at an audio-frequency rate. 
When the signals are in phase, the 
peak of the two-frequency envelope 
is limited by the voltage and cur¬ 
rent ratings of the transistor to the 
same power rating as that for the 
single-frequency case. Because the 
amplitude of each two-tone frequen¬ 
cy is equal to one-half the cw ampli¬ 
tude under peak power condition, the 
average power of one tone of a two- 
tone signal is one-fourth the single¬ 
frequency power. For two tones, con¬ 
versely, the PEP rating of a single¬ 
sideband system is two times the 
average power rating. 


• Af*I T0 2 KHr 


f, fj, 
FREQUENCY 


92CS-26254 

Fig, 478—Frequency spectrum for a 
typical two-tone signal without distortion. 


Intermodulation Distortion 

Nonlinearities in an amplifier 
generate intermodulation (IM) dis¬ 
tortion. The important IM products 
are those close to the desired out¬ 
put frequency, which occur within 
the pass band and cannot be filtered 
out by normal tuned circuits. If fi 
and f 2 are the two desired output 
signals, third-order IM products 
take the form of 2fi — fa and 2 f 2 
— fi. The matching third-order terms 
are 2fi + fa and 2 f 2 + fi, but these 
matching terms correspond to fre¬ 
quencies near the third harmonic 
output of the amplifier and are 
greatly attenuated by tuned circuits. 
It is important to note that only 
odd-order distortion products appear 
near the fundamental frequency. 
The frequency spectrum shown in 
Fig. 479 illustrates the frequency 
relationship of some distortion 
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products to the test signals fi and 
f 2 . All such products are either in 
the difference-frequency region or 
in the harmonic regions of the 
original frequencies. Tuned circuits 
or filters following the nonlinear 
elements can effectively remove all 
products generated by the even- 
order components of curvature. 
Therefore, the second-order com¬ 
ponent that produces the second 
harmonic does not produce any dis¬ 
tortion in a narrow-band SSB linear 
amplifier. This factor explains why 
class AB and class B rf amplifiers 
can be used as linear amplifiers in 
SSB equipment even through the 
collector-current pulses contain large 
amounts of second-harmonic current. 



ro tsj CNi lo 


FREQUENCY 

92CS-26255 

Fig. 479—Frequency spectrum showing 
the frequency relationship of some distor¬ 
tion products to two test signals f^ and /g. 

In a wideband linear application, 
however, it is possible for har¬ 
monics of the operating frequency 
to occur within the pass band of 
the output circuit. Biasing the out¬ 
put transistor further into class 
AB can greatly reduce the unde¬ 
sired harmonics. Operation of two 
transistors in the push-pull con¬ 
figuration can also result in can¬ 
cellation of even harmnics in the 
output. 

The signal-to-distortion ratio (in 
dB) is the ratio of the amplitude 
of one test frequency to the ampli¬ 
tude of the strongest distortion 
product. A signal-to-distortion spe¬ 
cification of —30 dB means that no 
distortion product will exceed this 
value for a two-tone signal level 
up to the PEP rating of the ampli¬ 


fier. A typical presentation of IM 
distortion for an RCA-2N6093 tran¬ 
sistor at various output-power levels 
is shown in Fig. 480. 


z 

o 

»- 

q: 
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Fig. 480—Typical intermodulation distor¬ 
tion in an RCA-2N6093 transistor at vari¬ 
ous output power levels. 


Typical Linear Amplifier 

The common-emitter configuration 
should be used for the power ampli¬ 
fier because of its stability and high 
power gain. Tuning is less critical, 
and the amplifier is less sensitive to 
variations in parameters among 
transistors. The class AB mode is 
used to obtain low intermodulation 
distortion. Neither resistive loading 
nor neutralization is used to im¬ 
prove linearity because of the re¬ 
sulting drastic reduction in power 
gain; furthermore, neutralization is 
difficult for large signals because 
parameters such as output capaci¬ 
tance and output and input imped¬ 
ances vary nonlinearly over the 
limits of signal swing. 

The RCA-2N5070 transistor is 
specified for SSB applications with¬ 
out temperature compensation as 
follows: 

Frequency = 30 MHz 

Po (PEP) at 28 V = 25 W 

Power Gain = 13 dB (min.) 

Collector Efficiency = 

40% (min.) 

Fig. 481 shows a 25-watt 2-to- 
30-MHz wideband linear amplifier 
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Fig. 481 — 2-to-30-MHz linear power amplifier. 


that uses RCA rf transistors. At 5 
watts (PEP) output, IM distortion 
products are more than 40 dB be¬ 
low one tone of a two-tone signal. 
Power gain is greater than 40 dB. 

AIRCRAFT RADIO 

The aircraft radios discussed in 
this section are of the type used for 
communication between the pilot and 
the airport tower. The transmitter 
operates in an AM mode on specific 
channels between 118 and 136 MHz. 
Radios of this type are regulated 
by both the FCC (Federal Communi¬ 
cations Commission) and the FAA 
(Federal Aeronautics Administra¬ 
tion). The FCC assigns frequencies 
to airports and places some require¬ 
ments on the transmitters, particu¬ 
larly as regards spurious radiation 
and interference. The FAA sets 
minimum requirements on radio per¬ 
formance which are based on the 
maximum authorized altitudes for 
the plane, whether paying passen¬ 


gers are carried, and on the au¬ 
thorization for instrument flying. 
The FAA gives a desirable TSO cer¬ 
tification to radio equipment that 
satisfies their standards of air¬ 
worthiness. 

The FCC checks aircraft-radio 
transmitter designs for interference 
and other electrical characteristics 
(as it does all transmitters). Addi¬ 
tional requirements are specified for 
radios intended for use by scheduled 
airlines by a corporation supported 
by the airlines themselves. This cor¬ 
poration is ARINC (Aeronautical 
Radio, Inc., 2552 Riva Road, An¬ 
napolis, Maryland 21401). 

All these specifications combine 
to generate radio-transmitter re¬ 
quirements for different types of 
aircraft, as indicated in Table 
XLVI. RCA rf power transistors 
intended for use in such applications 
are listed and briefly described in 
Table XLVIL The RCA data bulle¬ 
tin for each device provides defini¬ 
tive ratings and characteristics. 
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Table XLVI—Popular Aircraft-Radio Transmitters 
(Designs by Aircraft Type*) 

TRANS- 



NO. OF 

FAA & 

VOLTAGE 

MITTER 

TYPICAL 



ENGINES IN 

ARINC 

AVAIL 

POWER 

POWER 

TRANSMITTER 

TYPICAL OWNER 

AIRCRAFT 

CLASS 

ABLE 

(MIN.) 

RANGE 

FEATURES 

Private Planes 

1 

1 

13 V 

1 W 

>1.5 W 

Low cost, few 
channels, may be 
portable 

Panel mounted, 

Owner/Pilot 

1 

1 

13 V 

4 W 

>6.0 W 

90 or 360 chan¬ 
nels. 

Private/Business 

2 

II 

28 V 

4 W 

6 to >20 W 


Chartered & 

Cargo 

2-4 

III 

28 V 

16 W 

>20 W 

Remote Opera¬ 
tion, 360 chan¬ 






nels. 

Scheduled 

2-4 

III & 

28 V 

25 W 

30 W 

Maximum relia¬ 

Air Lines 

Jets 

ARINC 




bility 


* This chart is not complete or exact and is not intended to show actual requirements, but merely 
what is typical. Consult FAA for complete requirements. 


Table XLVIl—Types for Aircraft-Radio Applications 


Type 

Operating 

Frequency 

(MHz) 

Mm. 

Output 

Power 

(W) 

40975 

118-136 

0.05 

40976 

118-136 

0.5 

40977 

118-136 

6 

40290 

118-136 

2 

40291 

118-136 

2 

40292 

118-136 

6 

2N5102 

118-136 

15 


Collector- 

Min. 


Supply 

Power 

Package 

Voltage 

Gain 

Type 

(V) 

(dB) 


12.5 

10 

TO-39 

12.5 

10 

TO-39 

12.5 

10.8 

HF-44 

12.5 

6 

TO-39 

12.5 

6 

TO-60 

12.5 

4.8 

TO-60 

24 

4 

TO-60 


VHF AND UHF MILITARY 
RADIO 

Military radios, which operate in 
the vhf and uhf ranges, vary greatly 
in requirements. Telemetering de¬ 
vices may operate with as little out¬ 


put as 0.25 watt, while communica¬ 
tion systems may require outputs 
of 50 watts and more. Modulation 
may be AM, FM, PM (pulse modu¬ 
lation), or PCM (pulse-code modula¬ 
tion). Equipment may be designed 
for fixed, mobile, airborne, or even 
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space applications. Although the cir¬ 
cuits described in this section apply 
only to specific military applica¬ 
tions, they are representative of the 
general design techniques used in 
all military vhf and uhf radio equip¬ 
ment. RCA transistor types speci¬ 
fied for use in such applications are 
listed in Table XLVIII. 

Sonobuoy Transmitter 

A sonobuoy is a floating sub¬ 
marine-detecting device that incor¬ 
porates an underwater sound detec¬ 
tor (hydrophone). The audio signals 
received are converted to a fre¬ 
quency-modulated rf signal which is 
transmitted to patrolling aircraft 
or surface vessels. The buoy is 
battery-operated and is designed to 
have a very limited active life. 

Typical requirements for the rf- 
transmitter section of the sonobuoy 
are as follows: 

Frequency = 165 MHz 
Supply Voltage = 8 to 15 volts 
CW Output = 0.25 to 1.5 watts 
Over-all Efficiency = 50 per cent 
Harmonic Output — 40 dB down 
from carrier 


Fig. 482 shows the circuit con¬ 
figuration of an experimental sono¬ 
buoy transmitter designed to pro¬ 
duce a power output of 2 watts at 
160 MHz. Only three stages, includ¬ 
ing the crystal-controlled oscillator 
section, are required. Efficiency is 
greater than 50 per cent (overall) 
with a battery supply of 12 to 15 
volts. 

The 2N3866 or 2N4427 transistor 
can be used in a class A oscillator- 
quadrupler circuit which is capable 
of delivering 40 milliwatts of rf 
power at 80 MHz. Narrow-band fre¬ 
quency modulation is accomplished 
by ‘^pulling” of the crystal oscilla¬ 
tor. The crystal is operated in its 
fundamental mode at 20 MHz. The 
oscillator is broadly tuned to 20 
MHz in the emitter circuit and is 
sharply tuned to 80 MHz in the 
collector circuit. The supply voltage 
to the oscillator section is regulated 
at 12 volts by means of a zener 
diode. Spectrum-analyzer tests indi¬ 
cate that this stage is highly stable 
even though rather high operating 
levels are used. 

The oscillator-quadrupler section 
is followed by a 2N3553 class C 
doubler stage. This stage delivers 


OSCILLATOR-QUADRUPLER DOUBLER FINAL 

OUTPUT 



Fig. 482 — 2-watt (rf power output) sonobuoy transmitter. 
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Table XLVIll—Types for UHF Military Applications 


Type 

Operating 

Frequency 

(MHz) 

Min. 

Output 

Power 

(W) 

Collector- 

Supply 

Voltage 

(V) 

Min. 

Power 

Gain 

(dB) 

Package 

Type 

2N3866 

400 

1 

28 

10 

TO-39 

2N5916 

400 

2 

28 

10 

TO-216AA 

2N5917 

400 

2 

28 

10 

HF-31 

2N5918 

400 

10 

28 

8 

TO-216AA 

2N5919A 

400 

16 

28 

6 

TO-216AA 

2N6104 

400 

30 

28 

5 

HF-32 

2N6105 

400 

30 

28 

5 

TO-216AA 


a power output of 250 milliwatts at 
160 MHz from a 12- to 15-volt sup¬ 
ply. The over-all output of the sono- 
buoy can be adjusted by varying 
the emitter resistance of this stage. 

The final power output is devel¬ 
oped by an RCA-2N2711 transistor 
which operates as a straight-through 
class C amplifier at 160 MHz. A pi 
network matches this output to the 
50-ohm line. The spurious output 
(measured directly at the output 
port) is more than 35 dB down from 
the carrier. This suppression is 
achieved by means of series resonant 
trap circuits between stages and the 
use of the pi network in the output. 

Sonobuoy circuits, in general, must 
be reliable, simple, and low in cost. 
The three-stage transmitter circuit 
shown in Fig. 482 is intended to be 
representative of the general design 
techniques used in these systems. 
However, four-stage sonobuoy trans¬ 


mitter systems are also in common 
use at the present time. Typically, 
a four-stage arrangement consists 
of an oscillator-tripler stage, a sec¬ 
ond tripler stage, a buffer stage, 
and a final amplifier stage. Most 
present-day sonobuoy applications 
require cw power output between 
0.25 and 0.5 watt. 


Air>Rescue Beacon 

The air-rescue beacon is intended 
to aid rescue teams in locating air¬ 
plane crew members forced down 
on land or at sea. The beacons are 
amplitude-modulated or continuous- 
tone line-of-sight transmitters. They 
are battery-operated and small 
enough to be included in survival 
gear. 

Typical requirements for rescue 
beacons are as follows: 
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Frequency = 243 MHz (fixed) 
Power Output = 300 milliwatts 
(carrier) 

Efficiency = greater than 50 per 
cent 

Supply Voltage = 6 to 12 volts 
Modulation = AM, up to —100 
per cent 


The 2N4427 transistor is especially 
suited for this service. A general 
circuit for the driver and output 
stages is shown in Fig. 483. Collec¬ 
tor modulation, as well as some 
driver modulation, is used to achieve 
good down-modulation of the final 
amplifier. Conventional transformer- 
coupled modulation is used; how¬ 
ever, a separate power supply and 
resistor network in the driver cir¬ 
cuit are provided to adjust the modu¬ 
lation level of this stage independ¬ 
ently of the output stage. 

The rf-amplifier design is conven¬ 
tional; pi- and T-matching networks 
are used; simpler circuits (e.g., 
device-resonated tapped coils), how¬ 
ever, could be used. The T-matching 


network at the driver input is used 
to match the amplifier to a 50-ohm 
source for test purposes. A lO-to-20- 
milliwatt input signal is needed to 
develop a 300-to-400-milliwatt car¬ 
rier output level. 


Communication 

Systems 

The frequency range from 225 to 
400 MHz is used in a large variety 
of relatively-high-power military 
communication systems. Equipments 
are usually amplitude-modulated and 
used for voice-communication pur¬ 
poses. The circuits discussed in this 
section are class B and class C am¬ 
plifiers for use in driver or final 
output stages that provide power 
outputs in the range from 5 to 30 
watts from a single transistor. 
Higher power can be obtained from 
combinations of transistors. 

These amplifiers make extensive 
use of power combiners and broad¬ 
band impedance matching. 


AUDIO INPUT 



Fig. 483—Driver and output stage for a 243-MHz beacon transmitter. 
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Cl = 10 pF silver mica 
C 2 0.8-10 pF, Johanson 3957* 

Cs = 2.2 pF, Quality Components type 10% 
QC, “gimmick”* 

C 4 = 1.0 pF, Quality Components type 10% 
QC, “gimmick”* 

C 5 = 1.5 pF, Quality Components type 10% 
QC, “gimmick”* 

C« = 36 pF. ATC-100* 

C 7 = 51 pF. ATC-100* 

Cs = 47 pF. ATC-100* 

C 9 = 68 pF, ATC-100* 

Cio = 12 pF, silver mica 

Cii = 0.8-20 pF, Johanson 4802* 

C 12 = 1000 pF feedthrough type, Allen- 
Bradley FA5C* 

Cw = 1 fiF electrolytic 
Li = 1V 2 turns^ 

L 2 = Copper strip % in. (15.875 mm) L; 
5/32 in. (3.96 mm) W 


L.3 = Transistor base lead, 3/6 in. (4.74 
mm) L 

Li, L(! r= 3 turns-^ 

Lr. = 2 turnsA 

Lt, Ls, L 9 = 0.18 ;uH RFC, Nytronics, 
P.#DD-0.18 

Lio =0.1 fiH RFC, Nytronics, P.#DD-0.10 
Ri = 100 O, 1 W, carbon 
Rl>, R.-? = 100 n, 1/2 W, carbon 
Rt = 5.1 Q, V 2 W, carbon 
* Or equivalent 

A. All coils are 5/32 in. (3-96 mm) I. D., 
# 18 wire, 12 turns per inch. 
Allen-Bradley Co., Milwaukee, Wis. 
American Technical Ceramics, Huntington 
Station, N. Y. 11746 

Johanson Mfg. Corp., Boonton, N. J. 07005 
Nytronics, Inc., Berkeley Heights, N. J. 


Fig. 484 — 16-watt broadband amplifier circuit using the RCA-2N5919A. 


Fig. 484 shows a schematic dia¬ 
gram of an amplifier that uses the 
RCA-2N5919A. The circuit utilizes 
a lumped-element approach to 
broadband design. Typical amplifier 
performance is shown in Fig. 485. 
For a constant power output of 16 
watts, response is fairly flat; the 
gain variation is within 1 dB across 
the band. Maximum input VSWR is 
2:1. Such flatness of response and 
low input VSWR are obtained by 
designing for the best possible 
match across the band and then 
dissipating some of the power at the 
low end of the band through dissi¬ 
pative RLC networks. The elfective- 
ness of this technique can be evalu¬ 
ated by comparison of the gain and 
input VSWR curves in Fig. 485(a) 
with those in Fig. 485(b). The flat¬ 
ter the response, the smaller the dy¬ 
namic range required in the output 
leveling system. Low input VSWR 
is necessary for effective cascading 



(a) 



FREQUENCY — MHz 
(b) 

92CS-2626I 

Fig. 485—Typical performance for circuit 
of Fig. 484 from 225 to 400 MHz. 
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and protection of the driving stage 
in a cascade connection. The collec¬ 
tor efficiency is not constant, but 
has a minimum value of about 63 
per cent. The second harmonic of 
the 225-MHz signal is 12 dB down 
and that of the 400-MHz signal is 
30 dB down from the fundamental. 
Further reduction of the second har¬ 
monic of the 225-MHz signal is diffi¬ 
cult to obtain because the amplifier 
bandwidth covers almost an octave. 

Fig. 486 shows the RCA-2N6105 
high-power transistor in a 30-watt 
225-to-400-MHz broadband ampli¬ 
fier. This circuit utilizes lumped- 
circuit-element broadbanding. No 


special care is evident in this circuit 
to reduce the input VSWR. Two of 
these amplifiers can be combined by 
quadrature combiners, as shown in 
Fig. 487, to obtain higher output 
power. The input VSWR of the in¬ 
dividual amplifier is not important 
in such a combination because of 
the high isolation characteristics 
of quadrature combiners; reflected 
power is dissipated in ports termi¬ 
nated with 50-ohm resistors. 

Another effective way to combine 
transistors is push-pull operation 
utilizing transmission-line tech¬ 
niques. The low second harmonic in 
the push-pull configuration is es- 


R| 



Cl = 8.2 pF chip, Allen-Bradley* 

C 2 = 18 pF silver mica 

Cs = 33 pF chip, Allen-Bradley* 

Cl = 47 pF chip, Allen-Bradley* 

Cs = 68 pF chip, ATC-100* 

Ce = 62 pF chip, ATC-100* 

C 7 , Cs = 1000 pF, Feedthrough 

C9, C12 = 1000 pF chip, Allen-Bradley* 

Cio = 22 pF chip, Allen-Bradley* 

Cii = 6.9 pF chip, Allen-Bradley* 

Ci3 = 0.8-10 pF variable air, Johanson No. 

3957* 


Li = 2 turns, 5/32 in. I.D. coil 
L 2 = 17/32-in. long wire 
Ls = RFC, 0.1 /iH, Nytronics* 

Li = 5/32-in. long transistor base lead 
Ls, Lt = 13/16-in. long wire 
Le = 9/16-in. long wire 
Ls = 7/8-in. long wire 
Ri = 5.0 n, 1/4 W 


All wire is No. 20 AWG 
* Or equivalent 


Fig. 486 — 30-watt 225-to-40G-MHz broadband amplifier using RCA-2N6105. 



92CS-26263 

Fig. 487—Two RCA-2N6105 amplifiers connected in parallel by use of quadrature 

couplers. 
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pecially important in the 225-to-400 
MHz frequency band; because the 
second harmonic of the low fre¬ 
quency falls just outside the band, 
filtering it out presents considerable 
difficulty. The input VSWR in a 
push-pull amplifier is very high at 
the low end of the band, so this type 
of circuit is especially suitable for 
use with quadrature combiners. Fig. 
488 shows two push-pull amplifiers 
combined by quadrature combiners 
to make up a 100-watt broadband 
module. 
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In such equipment, transistors of¬ 
fer the advantages of simplified cir¬ 
cuitry, wide bandwidths, and im¬ 
proved reliability, together with 
reduced size and weight. 

The selection of the proper tran¬ 
sistor for a specific application is 
determined by the required power 
output, gain, and circuit preference. 
RCA offers the circuit designer a 
wide variety of microwave power 
transistors from which to choose the 
optimum type for a particular ap¬ 
plication. Such transistors are sup- 



Fig. 488—Block diagram of a 100-watt 225-400-MHz amplifier employing 2N6105’s in 
the driver and output stages. 


MICROWAVE POWER 
AMPLIFIERS 

Transistors that can generate tens 
of watts of power output at frequen¬ 
cies up to and beyond 3 GHz are 
finding applications in a wide variety 
of new equipment designs. Some of 
the major applications for these 
new transistors are in the follow¬ 
ing types of equipment: 

Telemetry 

Microwave relay links 
Microwave communications 
Phased-array radars 
Mobile radio and radio-telephones 
Navigational aid systems (DME, 
Collision Avoidance, TACAN) 
Electronic countermeasure (ECM) 
Microwave power sources and in¬ 
strumentation 
Intrusion-alarm systems 


plied in either coaxial or stripline 
packages. In addition, transistor 
types that are optimized for opera¬ 
tion from either 22 or 28 volts and 
that are packaged specifically for 
either amplifier or oscillator appli¬ 
cations are also readily available. 

At 2 GHz, a single transistor can 
supply an output power greater 
than 10 watts with a gain of 7 dB. 
If higher output power is required, 
two or more transistors can be con¬ 
nected in parallel, either directly or 
by use of hybrid combiners. Higher 
gain can be achieved by connection 
of several stages in cascade. The 
transistor supply voltage is usually 
dictated by the application. In tele¬ 
metry systems and microwave relay 
links, the supply voltage normally 
ranges from 20 to 23 volts; most 
other systems use 28 volts. The type 
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of package selected, either coaxial 
or stripline, usually depends on the 
type of circuit in which the de¬ 
signer plans to use the transistor. 


Coaxial Amplifier Circuits 

Fig. 489 shows a typical 2N5921 
coaxial-circuit amplifier for 2-GHz 


Lower-power amplifiers can be 
made with the RCA-2N5920 or 
RCA-2N5470 transistors. 


Microstripline Amplifier 
Circuits 

Fig. 492 shows the circuit diagram 
for a typical microstripline power 
amplifier that uses an RCA-2N6267 



Cl = 1 to 10 pF, Johanson 4581, or equiv.* 
Co, Ca = 470 pF. 

Cl = 0.01 /iF. 

Co, C(5 , Ct =: 0.3 to 3.5 pF, Johanson 4700, 
or equiv.* 


RFC = 3 turns No. 32 wire 1/16 in. (1.59 
mm) ID, 3/16 in. (4.76 mm) long. 

R = 0.43 ohm. 

Xi, X 2 ; Coaxial-line circuits (see Fig. 490). 
* Johanson Mfg. Corp., Boonton, N. J. 07005 


Fig. 489 — 2-GHz coaxial-line amplifier circuit. 


operation, and Fig. 490 shows the 
mechanical construction of the cir¬ 
cuit. The performance data in Fig. 
491 show that the 2N5921 can pro¬ 
vide an output of 6 watts at 2 GHz 
with a gain of 7.8 dB and a collector 
efficiency greater than 40 per cent. 


transistor to develop a power output 
of 10 watts at 2 GHz when operated 
from a 28-volt supply. This ampli¬ 
fier is tunable by adjustment of 
variable capacitors Cl and C4. Simi¬ 
lar circuits can be designed using 
the 2N6265 and 2N6266 transistors. 
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INPUT Xi 


OUTPUT X2 
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DIMENSIONS OF COAiKIAL LINES Xi AND X 2 




INPUT (Xi) 



OUTPUT (Xe) 


A 

B 

C 

Center 

Conductor 

D 

E 

F 

Center 

Conductor 

0.860 

0.350 

0.265 

0.300 

1.06 

0.550 

0.270 

0.385 

(21.84) 

(8.89) 

(6.73) 

(7.62) 

(26.92) 

(13.97) 

(6.86) 

(9.78) 


Dimensions in inches (and millimeters) 

MATERIAL: Center conductor—copper 

Outer conductor for input and output—brass 
* Conhex 50-045-0000 Sealectro Corp., or equiv. 

Fig. 490—Constructional details for 2-GHz coaxial-line circuit. 




CASE TEMPERTURE (Tc)-25*C 
COLLECTOR-SUPPLY VOLTAGE 
(Vcc)- 28 V 

FREQUENCY (f) =2 GHz 1 



0.2 0.4 0.6 OB I 1.2 1.4 


INPUT POWER—W 


92CS-26267 


Fig. 491—Typical power output and collector efficiency as a function of power input 
at 2 GHz for circuit shown in Fig. 489. 
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NOTE 1: Shunt stubs can be trimmed. 

To shorten, cut overall length. 
To lengthen, cut taper in stubs 
as shown. 

Cl, C3, Cl = 0.3 to 3.5 pF, Johanson 1700 or 
equivalent 

C 2 Filtercon, Allen Bradley SMFB Al, or 
equivalent 

RFC = No. 32 wire, 0.4 in (1.02 mm) long 


92CS-26276 


Dielectric material = 1/32 in. (0.79 mm) 
thick Teflon-Fiberglas double-clad cir¬ 
cuit board (e = 2.6). Lines Xi and X 2 
are produced by removing upper copper 
layer to dimensions shown. 


Fig. 492 — 2-GHz power amplifier using an RCA-2N6267 microwave power transistor. 


MICROWAVE POWER 
OSCILLATORS 

The design of microwave power 
oscillators is usually a complex 
process because of the many diverse 
requirements that must be met in 
these circuits. The design of the 
power oscillator shown in Fig. 493 
however, is made relatively simple 
by application of power-amplifier 
considerations. This oscillator uses 
an RCA-2N6267 microwave power 
transistor to develop a typical power 
output of 4.0 watts at 1.7 GHz when 
operated from a collector supply of 
20 volts. A power output of 2.3 watts 
at 1.6 GHz can be obtained when 
the transistor is operated from a 
collector supply of 12.5 volts. The 
collector efficiency in each case is 
approximately 37 per cent. 


In the design of the oscillator, the 
values of the line section Li and the 
variable capacitor C 2 are chosen so 
that the resonant frequency of these 
elements is slightly less than the 
desired circuit operating frequency. 
At frequencies above resonance 
(e.g., the oscillator operating fre¬ 
quency), the combination of Li and 
C 2 , in essence, becomes a variable 
inductance L. The transistor input 
and output reactances, the induct¬ 
ance L, and the transistor collector- 
to-emitter capacitance Cce form a 
resonant circuit that establishes the 
oscillation frequency of the over-all 
circuit and also determines the cor¬ 
rect level of the in-phase signal fed 
back to the input to sustain oscilla¬ 
tion. The operating frequency of 
the oscillator is controlled by adjust¬ 
ment of the variable capacitor C 2 . 
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Cl, C3 = Filtercon, Allen Bradley SMFB- 
Al, or equivalent 

C 2 =; 0.3-3.5 pF, Johanson 4700, or equiv. 

C 4 =r 300 pF, ATC 100 or equivalent 
Li 1.0 in. section miniature 50-ohm 
cable, or microstripline equivalent 
RFC = 3 turns. No. 32 wire 1/16 in. ID, 
3/16 in. long 


X 2 = 13-mil Teflon-Kapton double-cla 
circuit board (Grade PE-1243 as supplie 
by Budd Polychem Division, Newarl 
Delaware) or equivalent 
Line X 2 is exponentially tapered 
NOTE: Oscillator is single-screw tunabl 
from 1.6 GHz to 1.8 GHz 


Fig. 493—Typical 1.7-GHz power oscillator using the RCA-2N6267 microwave powe 

transistor. 


The real part of the collector load 
impedance, Re(ZcL), determined on 
the basis of large-signal class C load 
conditions, is transformed to 50 
ohms by use of a quarter-wavelength 
transformer X 2 . Because of the wide 
range of frequency control provided 
by the variable capacitor C 2 , a 
quarter-wavelength tapered line is 
used for transformer Xi>. 

MICROWAVE FREQUENCY 
MULTIPLIERS 

Operation of a transistor in the 
harmonic-frequency mode can ex¬ 
tend the upper limit of the frequency 
range far beyond that possible from 
the same transistor operating in the 
fndamental-frequency mode. A fur¬ 
ther advantage of the harmonic 
mode of operation is that frequency 
multiplication and power amplifica¬ 
tion can be realized simultaneously. 


A transistor operating in this mod 
provides power amplification at th 
fundamental frequency of the inpul 
drive power, and the nonlinear C£ 
pacitance of the collector-to-bas 
junction, acting as a varactor, ger 
erates harmonics of the input-driv 
frequency. 

The design of transistor frequency 
multiplier circuits generally cor 
sists of the selection of a suitabl 
transistor and the design of prope 
filtering and matching networks fo 
optimum circuit performance. 

In the design of such circuits, th 
input impedance at the fundaments 
frequency that exists at the emittei 
to-base junction of the transistor a 
well as the load impedance presente 
to the collector at both the funds 
mental and harmonic frequencie 
must be known. Knowledge of th 
collector load impedance at the hai 
monic frequency is required for d( 
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sign of the output circuit. Knowledge 
of the collector iinpedance at the 
fundamental frequency is needed to 
determine the input impedance of 
the transistor at that frequency so 
that matching networks can be de¬ 
signed between the driving source 
and the transistor. The three im¬ 
pedances, of course, are interrelated 
and are functons of operating power 
level (i.e., are determined by voltage 
and current swings). Once the im¬ 
pedances are established, the design 
of the matching networks is straight¬ 
forward. For the input circuit, a 
matching section having low-pass 
characteristics is preferred; for the 
output circuit, a matching section 
having high-pass or band-pass char¬ 
acteristics is preferred. Such ar¬ 
rangements assure good isolation be¬ 
tween input and output circuits. As 
the frequency of operation increases 
above 800 MHz, the design of tran¬ 
sistor multiplier circuits requires 
the use of distributed circuit tech¬ 
niques. 

The 2N4012 power transistor is 
characterized for frequency-multi- 
plication applications and can pro¬ 
vide a minimum power output of 2.5 
watts as a frequency tripler at an 
output frequency of 1 GHz and a 
collector efficiency of 25 per cent. 
This overlay transistor is designed 
to operate in military and indus¬ 
trial communications equipment as 
a frequency multiplier in the uhf or 
L-band range. It can be operated 
as a doubler, tripler, or quadrupler 
to supply a power output of several 
watts at frequencies in the low giga¬ 
hertz range. 

Fig. 494 shows the power-output 
capabilities as a function of output 
frequency for a typical 2N4012 
transistor used in common-emitter 
circuit configurations for frequency 
doubling, tripling, and quadrupling. 
In a common-emitter doubler circuit, 
the transistor delivers power output 
of 3.3 watts at 800 MHz with a con¬ 
version gain of 5 dB. In a common- 
emitter tripler circuit, it can supply 
power output of 2.8 watts at 1 GHz 
with a conversion gain of 4.5 dB. 



92CS-26269 

Fig. 494—Power output of the RCA- 
2N4012 overlay transistor as a function of 
frequency when operated in common- 
emitter doubler, tripler and quadrupler 
circuits. 

In a common-emitter quadrupler cir¬ 
cuit, it can provide power output 
of 1.7 watts at 1.2 GHz with a con¬ 
version gain of 2.3 dB. 

Fig. 494 shows that the amount 
of power output that can be supplied 
by a transistor frequency multiplier 
depends upon the order of multipli¬ 
cation. For a given multiplier cir¬ 
cuit, the highest output power is 
obtained at the frequency for which 
the product of power gain and con¬ 
version efficiency has the largest 
value. When a 2N4012 overlay tran¬ 
sistor is used, maximum power out¬ 
put is obtained at 800 MHz from a 
doubler circuit, at 1 GHz from a 
tripler circuit, and at 1.3 GHz from 
a quadrupler circuit. 

The circuit arrangements and 
performance data shown in the fol¬ 
lowing paragraphs illustrate several 
practical frequency-multiplier cir¬ 
cuits that use the 2N4012 and other 
RCA overlay transistors. These cir¬ 
cuits include a 400-to-800-MHz 
doubler, a 367-to-llOO-MHz tripler, 
and a 420-to-1680-MHz quadrupler. 
As mentioned previously, the design 
of multiplier circuits that have an 
output frequency of 800 MHz or 
higher requires the use of distribu¬ 
ted-circuit techniques. All such high- 
frequency circuits described use 
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coaxial-cavity output circuits. These 
circuits are discussed first. The 
low-frequency circuits, which use 
lumped-element output circuits, are 
then described. 

400-to-800-MHz Doubler 

Fig. 495 shows the complete cir¬ 
cuit diagram of a 400-to-800-MHz 
doubler that uses the 2N4012 tran¬ 
sistor. This circuit uses lumped- 
element input and idler circuits and 
a coaxial-cavity output circuit. The 
transistor is placed inside the cavity 
with its emitter properly grounded 
to the chassis. A pi section (Ci, C 2 , 
Li, L 2 , and Ca) is used in the input 
to match the impedances, at 400 
MHz, of the driving source and the 
base-emitter junction of the transis¬ 
tor. L 2 and Ca provide the necessary 
ground return for the nonlinear ca- 

INPUT 



Fig. 495 — 400-to-800-MHz common-emitter 
transistor frequency multiplier. 


pacitance of the transistor. L 3 and 
Ci form the idler loop for the collec¬ 
tor at 400 MHz. The output circuit 
consists of an open-ended 1 ^/ 4 -inch- 
square coaxial cavity. A lumped ca¬ 
pacitance Cs is added in series with 
a ^/ 4 -inch hollow center conductor of 
the cavity near the open end to pro¬ 
vide adjustment for the electrical 
length. Power output at 800 MHz 
is obtained by direct coupling from 


a point near the shorted end of the 
cavity. 

Fig. 496 shows the power output 
at 800 MHz as a function of the 
power input at 400 MHz for the 
doubler circuit, which uses a typical 
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Fig. 496—Output power and collector 
efficiency as a function of input power for 
the 400-to-800-MHz frequency doubler. 


2N4012 operated at a collector sup¬ 
ply voltage of 28 volts. The curve 
is nearly linear at a power output 
level between 0.9 and 2.7 watts. The 
power output is 3.3 watts at 80C 
MHz for an input drive of 1 watt 
at 400 MHz, and rises to 3.9 watts 
as the input drive increases to l.T 
watts. The collector efficiency, whicli 
is defined as the ratio of the rf 
power output to the dc power inpu1 
at a supply voltage of 28 volts, is 
also shown in Fig. 496. The efficiency 
is 43 per cent measured at an inpul 
power of 1 watt. The 3-dB band¬ 
width of this circuit measured at a 
power output of 3.3 watts is 2.5 pei 
cent. The fundamental-frequency 
component measured at a power- 
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output level of 3.3 watts is 22 dB 
down from the output carrier. 
Higher attenuations of spurious 
components can be achieved if more 
filtering sections are used. 

367-to-1100-MHz Tripler 

The 367-to-llOO-MHz tripler shown 
in Fig. 497 is essentially the same 
as the doubler shown in Fig. 495 
except that an additional idler loop 
(Li and Co) is added in shunt with 



Fig. 497 — 367-MHz-to-l.1-GHz common- 
emitter transistor frequency tripler. 


the collector of the transistor. This 
idler loop is resonant with the tran¬ 
sistor junction capacitance at the 
second harmonic frequency (734 
MHz) of the input drive. 

Fig. 498 shows the power output 
of the tripler at 1.1 GHz as a func¬ 
tion of the power input at 367 MHz. 
This circuit also uses a typical 
2N4012 transistor operated at a col¬ 
lector supply voltage of 28 volts. 
The solid-line curve shows the power 
output obtained when the circuit is 
retuned at each power-input level. 
The dashed-line curve shows the 
power output obtained with the cir¬ 
cuit tuned at the 2.9-watt output 



Fig. 498—Power output as a function of 
power input for the 367-MHz-to-l .1-GHz 
frequency tripler. 

level. A power output of 2.9 watts 
at 1.1 GHz is obtained with drive 
of 1 watt at 367 MHz. 

A similar tripler circuit that uses 
a selected 2N3866 and that is oper¬ 
ated from 500 MHz to 1.5 GHz can 
delived a power output of 0.5 watt 
at 1.5 GHz with an input drive of 
0.25 watt at 500 MHz. 

Common-Emitter and 
Common-Base Circuits 

The performance data in this sec¬ 
tion are given for amplifier-multi¬ 
pliers in which the transistor is 
connected in a common-emitter con¬ 
figuration. When transistors are 
used in common-base circuit con¬ 
figurations, different results are ob- 
cained. Fig. 499 shows curves of 
power output and efficiency for a 
common-base and a common-emitter 
tripler circuit using a 2N4012 tran¬ 
sistor. At low power levels, the 
common-base tripler provides higher 
gain and collector efficiency ; at high 
power levels, higher gain and col¬ 
lector efficiecy are provided by the 
common-emitter circuit. At a power 
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Fig. 499—Comparison of performance characteristics of common-base and common- 
emitter tripler circuits using the RCA-2N4012 transistor: (a) power output as a function 
of power input; (b) collector efficiency as a function of power input. 


input of 1 watt at 367 MHz, the 
common-emitter tripler delivers a 
power output of 2.9 watts at 1.1 
GHz and the common-base circuit 
an output of 2.4 watts. The collector 
efficiencies for both circiuts are ap¬ 
proximately the same and are better 
than 30 per cent. The 3-dB band¬ 
width measured in the common- 
emitter tripler is 2.3 per cent, as 
compared to 2.5 per cent in a com¬ 
mon-base tripler. The major differ¬ 
ence between the two circuits is 
that the power output of the com¬ 
mon-emitter tripler saturates at a 
much higher power-input level than 
that of the common-base circuit. This 
effect has also been observed in a 
straight-through amplifier. In addi¬ 
tion, the common-emitter circuit is 
less sensitive to hysteresis and 
high-frequency oscillations. 

420-MHz-to-1.68-GHz 

Osciilator-Quadrupler 

The inherent varactor frequency- 
nhiltiplication ability in overlay 
transistors also permits use of these 
devices as oscillator-multipliers. 
Fig. 500 shows an oscillator-quad- 


rupler circuit that uses a selected 
2N3866 transistor. This circuit can 
deliver a power output of more than 
300 milliwatts at 1.68 GHz. The 
first two rf chokes and the resistors 
Ri and R 2 form the bias circuit. The 
fundamental frequency of the oscil¬ 
lator is 420 MHz, as determined by 
Co, Li, and Ci. La and C 2 form the 
second-harmonic idler. The second- 
harmonic component produced by 
this idler circuit beats with the fun¬ 
damental-frequency component to 
generate additional fourth-harmonic 
components. A series-tuned circuit 
consisting of L.a and C 3 completes 
the output circuit. 
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C OUNTERS and registers are dig¬ 
ital circuits used in computers, in¬ 
dustrial controls, timepieces, and 
other applications that require repe¬ 
titive steps. These circuits are made 
up from arrays of flip-flops such as 
those discussed in the section on 
COS/MOS Integrated Circuits for 
Digital Applications; COS/MOS 
counters and registers consist of be¬ 
tween 100 and 300 MOS devices, sup¬ 
porting interconnect tunnels, metal 
runs, and bond pads, all on a single 
monolithic pellet. Table XLIX sum¬ 
marizes the major operating charac¬ 


teristics of the counters and regis¬ 
ters. Not all possible applications 
are discussed in this section; those 
that are included highlight typical 
counter and register uses. 

BASIC FLIP-FLOP CIRCUIT 

The D-type flip-flop that was 
shown in Fig. 267 is the basic build¬ 
ing-block for RCA COS/MOS count¬ 
ers and registers. In this basic static 
master-slave flip-flop, redrawn here 
as Fig. 501, the logic level present 
at the D (data) input is transferred 


Table XLIX—Typical Features and Characteristics of COS/MOS 
Counters and Registers 


Features 



Operating-Temperature Range 

—55 to -|-125°C (Ceramic Package) 

—40 to -f85°C (Plastic Package) 

Operating-Voltage Range (V) 

Full MOS Gate-Oxide Protection at all Terminals. 
Output Buffers Provided 

Full Static Operation 

3 to 15 


Characteristics (Ta = -f2S*’C) 

Vj,i) =: 10 Volts 

Vdd = 5 Volts 

Clock-Pulse Frequency (MHz) 

5 

2.5 

Clock Rise and Fall Times (/zs) 

5 

5 

Quiescent Power Dissipation 
per Package (aiW) 

5 

1.5 

Noise Immunity—All Inputs 

45% of Vdd 

Drive Capability 

Id = 0.5 to 3 mA 
at Vi = 7 V 

Id = 0.1 to 1 mA 
at Vi = 4 V t 

Sink Capability 

Id = 0.5 to 3 mA 
at Vo = 3 V 

Id = 0.1 to 1 mA 
at Vo = 1 V 
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OUT 


INPUT TO OUTPUT IS A BIDIRECTIONAL 
SHORT CIRCUIT WHEN CONTROL- INPUT I 
IS LOW AND CONTROL-INPUT 2 IS HIGH ; 
AN OPEN CIRCUIT WHEN CONTROL-INPUT 
I IS HIGH AND CONTROL-INPUT 2 IS LOW. 
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Fig. 501—Basic COS/MOS master-slave flip-flop stage. 


to the Q output during the positive¬ 
going transition of the clock pulse. 
DC reset or set is accomplished by 
a high level at the respective input. 
Reset and/or set functions are easily 
omitted, as shown in some of the 
designs. Output lead isolation at the 
Q and/or Q outputs is realized by 
use of inverters. These inverters 
eliminate all possibility of MOS gate- 
oxide damage at the output leads, 
and also improve circuit speed, noise 
immunity, and drive capability. The 
sizes of the p-channel and n-channel 
MOS devices in the output inverters 
are tailored to meet the desired 
drive-current and sink-current re¬ 
quirements. The internal clock-shap¬ 
ing permits a loosely specified input 
waveshape requirement, and the 
basic flip-flop configuration operates 


from a non-critical single-phase 
clock input signal. Both 1 and 0 
clock-pulse durations can go to in¬ 
finity, and rise and fall times up to 5 
microseconds are permissible. 

COUNTERS 

Counters are among the most im¬ 
portant circuits used in digital ap¬ 
plications. They count electrical 
pulses, but these pulses can be gen¬ 
erated by optical, mechanical, acous¬ 
tical, or other means. Therefore 
counters can be used to count ob¬ 
jects passing in front of a photocell, 
or to measure time by counting 
pulses of a known frequency, or to 
monitor motor speed by counting 
revolutions in one second. By exten¬ 
sion of these techniques, counters 
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can control machining operations 
(count the number of passes of a 
cutter), control fluid flow operations 
(hold a valve open for a fixed num¬ 
ber of clock pulses), and control 
many other operations in industry, 
transportation, and communication. 
In digital computers, counters and 
counting processes are used to per¬ 
form calculations for business and 
scientific purposes. 

Basic Binary Counters 

The basic binary counter consists 
of a chain of flip-flops. A flip-flop 
in the counter shown as Fig. 502 is 


triggered only when a negative-going 
pulse edge is applied to its input 
terminal; thus any one flip-flop 
changes state (from 0 to 1, or from 
1 to 0) every time a negative-going 
pulse edge arrives at its input, but 
the flip-flop produces an output pulse 
that can trigger the next flip-flop 
only when changing from a 1 state 
to a 0 state. Therefore in Fig. 502 
the first flip-flop in the chain, FFi, 
changes state on the falling edge of 
every input pulse that is fed into the 
counter; but FF 2 changes state only 
on every second pulse into the 
counter. FFs changes state on every 
fourth pulse fed into the counter, 
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Fig. 502—Basic binary counter. 
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and each successive FF would re¬ 
act to the next higher power of 2 
(i.e., 16 pulses, 32 pulses, and so 
forth). The readout for each FF 
shows its state, and thus the read¬ 
outs provide a running total of the 
pulses that have entered the counter 
since it was reset to all zeros. 

The basic counter circuit can be 
modified to perform various special¬ 
ized functions. Some of these func¬ 
tions are described below in the 
discussions of particular RCA COS/ 
MOS circuits. In simplest terms, 
they include: 

Up-Down Counter—An Up-Down 
Counter shows the difference be¬ 
tween two different running counts, 
such as the difference between the 
number of nuts and the number of 
bolts packed in an assembly kit. This 
circuit requires more elements than 
the basic counter; after each flip- 
flop, the true output of the FF and 
the up-count pulse enter one AND 
gate while the complementary out¬ 
put of the FF and the down-count 
pulse enter another AND gate. The 
outputs from the two AND gates 
then enter an OR gate, which feeds 
the next flip-flop. 

Decade Counter—For applications 
that require a decimal counter rather 
than a binary counter, there are spe¬ 
cial binary counter circuits that 
count ten pulses before starting over. 
These counters are called Decade 
Counters. A decade counter is basic¬ 
ally a four-stage binary counter. 


which would normally count up to 
16 before recycling. To convert the 
circuit to a decimal count, there¬ 
fore, six counts must be removed. 
One way to accomplish this removal 
is by arranging the reset so that 
counting starts at six instead of 
zero. Then the first pulse produces 
a setting of seven, the second pulse 
sets the circuit to eight, and so forth 
until the sixteenth pulse again re¬ 
cycles to six. 

Divide-By-N Counter—A divide- 
by-N counter is one that can be pre¬ 
set so that N input pulses will cause 
reset to zero and will produce an out¬ 
put pulse. The value of N is limited 
by the number of stages in the 
counter; for example, an 8-stage 
counter could be set to divide by 
numbers less than 256. The preset¬ 
ting of the divide-by-N counter con¬ 
sists of providing feedback paths 
that inject extra pulses into the 
counter before the actual count be¬ 
gins. Thus a divide-by-225 counter 
would use an 8-stage assembly pre¬ 
set to (256 — 225), i.e., with a preset 
count of 31. 


Seven-Stage Ripple-Carry 
Binary Counter (CD4024A) 

Fig. 503 shows the logic diagram 
of the CD4024A, a seven-stage 
ripple-carry binary counter with 
buffered reset. Figs. 504 and 505 



Fig. 503—Logic diagram for CD4024AE seven-stage binary counter with buffered reset. 
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NOTE. SUBSTRATES FOR ALL"p" UNITS ARE CONNECTED TO Vqq 

SUBSTRATES FOR ALL"n" UNITS, UNLESS OTHERWISE SHOWN, 
ARE CONNECTED TO GROUND. 
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Fig, 504—Schematic diagram for pulse shaper and one binary stage of the CD4024A 
seven-stage binary counter. 



INPUT TO OUTPUT IS A BIDIRECTIONAL SHORT CIRCUIT 
WHEN CONTROL-INPUT I IS LOW AND CONTROL-INPUT 2 
IS HIGH; AN OPEN CIRCUIT CONTROL- INPUT I IS HIGH AND 
CONTROL-INPUT 2 IS LOW. 


EQUATIONS FOR STAGES 3 TO 7 

iS 

Q20UT'<Q2^<Qp<CL)(R) 

Q3OUT “ (Q 3 )(Q|){Q 2 HCL)(R) 

_ A 

Q4OUT ' (Q 4 )(Q|)(Q 2 HQ 3 HCL)(R) 


« R = HIGH DOMINATES (RESETS ALL STAGES) 

A action occurs on negative going TRANSITION OF INPUT 
PULSE. COUNTER ADVANCES ONE BINARY COUNT ON EACH 
NEGATIVE CL TRANSITION (128 TOTAL BINARY COUNT). 


Q 5 OUT “ (Q5)(Q|)(Q2><Q3J^Q4>t^‘-)(R) 

QgOUT = (Q6)<Q|)(Q2)<Q3)<Q4>(Q5)<^L)(R) 
Q7OUT “ {Q7)(Q|)(Q2)<Q3HQ4){Q5)(Q6)<CL)(R) 
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(b) 

Fig, 505—Logic diagram for pulse shaper and one binary stage of the CD4024A seven- 

stage binary counter. 
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show the schematic and logic dia¬ 
grams for one of the seven counter 
stages. Operation is similar to that of 
the basic master-slave flip-flop, with 
the following exceptions: The D-line 
connection is derived from the Q 
output of that stage so that it 
complements the stage at the nega¬ 
tive clock-pulse transition. The clock¬ 
ing of a stage is derived from the 
previous counter stage (ripple 
carry). The dc reset function is real¬ 
ized by raising the ground return 
path of the Q outputs of all seven 
stages (both master and slave sec¬ 
tions). This mode of resetting saves 
four devices and associated intercon¬ 
nections per counter stage. An in¬ 
ternal reset driver is provided so 
that the reset input presents only 
one COS/MOS load. 


Decade Counter 
Plus 10 Decoded Decimal 
Outputs (CD4017A) 

Fig. 506 shows the logic diagram 
of the CD4017A, a decade counter 
plus 10 decoded decimal ouputs. 


Five flip-flop stages are used to im¬ 
plement the decade counter. (These 
stages are connected in the Johnson 
counter configuration; an n-stage 
Johnson counter counts up to 2n 
rather than to 2".) The flip-flop 
stages are similar to that described 
in Fig. 501. Clock, reset, inhibit, and 
carry-out signals are provided. The 
decade counter advances one count 
at the positive clock-signal transition 
provided the inhibit signal is low. 
Counter advancement by way of the 
clock line is inhibited when the 
inhibit signal is high. A high reset 
signal clears the decade counter to 
its zero count. Use of the Johnson 
decade-counter configuration permits 
high-speed operation, two-input 
decimal-decode gating, and spike- 
free decoded outputs. Anti-lock gat¬ 
ing is provided to permit only the 
proper counting sequence. The ten 
decimal outputs are normally low 
and go high only at their respective 
decoded-decimal time slot. Each deci¬ 
mal output remains high for one full 
clock cycle. The carry-out signal 
completes one cycle for every ten 
clock input cycles, and is used to 



TERMINAL No I6 = Vdd 
TERMINAL No 8 = GND 
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Fig. 506 — CD4017A decade counter plus 10 decoded decimal outputs. 
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clock the following decade directly 
in any multi-decade application. 

Divide-by-S Counter and 
8 Decoded Outputs (CD4022A) 

Fig. 507 shows the logic diagram 
of the CD4022A, a divide-by-8 
counter and 8 decoded outputs. A 
four-stage Johnson counter is used 
to implement the divide-by-8 counter. 
The basic flip-flop stages are similar 
to that described in Fig. 501. Clock, 


only the proper counting sequence. 
The eight decoded outputs are norm¬ 
ally low and go high only at their 
respective decoded time slot. Each 
decoded output remains high for one 
full clock cycle. The carry-out signal 
completes one cycle for every eight 
clock input cycles, and is used to 
clock the following counter stage 
directly in multi-stage applications. 

Fig. 508 shows the CD4022A in 
a divide-by-8 counter/decoder appli¬ 
cation. One CD4022A unit provides 



TERMINAL No. 16= Vdd 
TERMINAL No. 8 = GND 
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Fig. 507 — CD4022A divide-byS counter and 8 decoded outputs. 


clock-enable, reset and carry-out 
signals are provided on the divide- 
by-8 counter. The divide-by-8 counter 
is advanced one count at the positive 
clock-signal transition. A high reset 
signal returns the divide-by-8 
counter to its zero count. Use of the 
Johnson divide-by-8 counter con- 
flguration permits high-speed opera¬ 
tion, two-input decoding gating, and 
spike-free decoded outputs. Anti¬ 
lock gating is provided to permit 


the counting as well as the decoding 
function. Fig. 509 shows a divide-by- 
64 counter/decoder application. Fig. 
510 shows the logic diagram and 
waveforms for the counter/decoder. 
Again, the partial decode function 
performed by the CD4022A signi- 
flcantly simplifies the external gating 
to complete the 1-in-64 decode func¬ 
tion. Other binary counter/decoder 
applications can be realized simi¬ 
larly. 
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TRACE 
CLOCK IN = la) 

'"0" = (b) 

'‘l" = (c) 

"2"={d) 

DECODED "3" = (e) 

OUTPUTS "4“ = {f) 

"5" = {g) 
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L"7" = (i) 

CoUT^^j^ 

Fig^ 508—(a) CD4022A divide-by-8 counter/decoder; {b) circuit waveforms. 
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Fig^ 509 — CD4022A divide-by-64 counterf decoder. 


CLOCK INPUT (o) 



(b) 


Fig, 510—(a) Logic diagram and (b) circuit waveforms for CD4022A divide~by-64, 

counter/decoder. 
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REGISTERS 

A shift register is a chain of flip- 
flops used for storing a set of binary 
digits. The basic shift register cir¬ 
cuit, shown in Fig. 511, resembles a 
counter. Every time that a clock 
pulse is applied, the 1 or 0 in each 
flip-flop is shifted to the next flip- 
flop in the chain; a new 1 or 0 en¬ 
ters FFi, and the 1 or 0 in the last 
flip-flop is shifted out of the register. 

In addition to the one-at-a-time 
(serial) readout from the register, 
parallel readout is possible. In paral¬ 
lel readout, the data in all of the 
flip-flops are simultaneously trans¬ 
ferred into some other circuit, such 


as a memory bank. Conversely, the 
shift register can be operated in a 
parallel-input, serial-output mode. 

Shift registers are used for tem¬ 
porary storage of information, for 
signal delay, for multiplication and 
division of binary numbers, and for 
numerous other applications in com¬ 
putation, communication, and con¬ 
trol. For example: 

• Data for storage in a parallel- 
feed memory can be entered 
serially into a register, and then 
dumped (parallel-shifted) into 
the memory. 

• To retrieve data from a particu- 
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Fig. 511—Basic shift register. 
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lar memory location, the address 
number for that location is 
stored in a register. A counter 
counts location pulses until it 
reaches the number in the reg¬ 
ister, and then signals for read¬ 
out from the memory. 
Multiplication of binary num¬ 
bers can be performed by shift¬ 
ing the digits and adding. 
Therefore shift registers are 
used for binary multiplication 
in computers. 

Several RCA CO S/MO S shift reg¬ 
isters are described in the following 
paragraphs. 


18-Stage Static Shift 
Register (CD4006A) 

Fig. 512 shows the logic diagram 
of the CD4006A, an 18-stage static 
shift register. The register stages 
are similar to those shown in Fig. 
501. The CD4006A consists of four 
separate shift-register sections: two 
four-stage sections and two five- 
stage sections with output taps at 
the fourth stage. Each register sec¬ 
tion has independent data inputs to 
the first stage. The clock input is 
common to all 18 register stages. 
Through appropriate connection of 
inputs and outputs, multiple register 



TERMINAL No.l4«Voo 
TERMINAL No. 7 «GNO 
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Fig. 512 — CD4006A 18-stage static shift register. 
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sections of 4, 5, 8, and 9 stages or CD4006A. Figs. 513 and 514 show 
single register sections of 10, 12, 13, the schematic and logic diagrams for 

14, 16, 17, and 18 stages can be one of the 18 register stages. Regis- 

implemented using one CD4006A. ter shifting occurs on the negative 
Longer shift-register sections can be clock-pulse transition, 
assembled by use of more than one 



NOTE: 

ALL "P"-UNIT SUBSTRATES ARE CONNECTED TO Vqq 
ALL "N''-UNIT SUBSTRATES ARE CONNECTED TO Vgs 
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Fig. 513—Schematic diagram for one of the 18 register sections of the CD4006A. 




LOW IMPEDANCE WHEN CONTROL- 


INPUT I IS LOW AND CONTROL- INPUT 
2 IS HIGH; AN OPEN CIRCUIT WHEN 
CONTROL-INPUT I IS HIGH AND CONTROL- 
INPUT 2 IS LOW. 


NC=NO CHANGE 
X = DON'T CARE 
A =LEVEL 
CHANGE 
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Fig. 514—Logic diagram and truth table for one of the 18 register sections of the 

CD4006A. 
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Dual 4-Stage Serial- 
Input/Parallel-Output 
Register (CD4015A) 

Fig. 515 shows the logic diagram 
of the CD4015A, which consists of 
two identical, independent, four- 
stage serialrinput/parallel-output 
registers. Each register has inde¬ 
pendent clock and reset inputs, as 
well as a serial data input. Q outputs 
are available from each of the four 
stages on both registers. All register 
stages are similar to that shown in 
Fig. 501. The logic level present at 


of the CD4014A, an 8-stage syn¬ 
chronous parallel-input/serial-out¬ 
put register. A clock input and a 
single serial data input together with 
individual parallel jam inputs to 
each register stage and a common 
parallel/serial control signal are 
provided. Q outputs from the 6th, 7th, 
and 8th stages are available. All 
register stages are similar to that 
shown in Fig. 501 except that extra 
transmission gates permit parallel 
or serial entry. Parallel or serial 
entry is made into the register syn¬ 
chronously with the positive clock 


OtA Q2A Q3A QaA 
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Fig. 515 — CD4015A dual 4-stage serial-input/parallel-output register. 


the data input is transferred into 
the first register stage and shifted 
over one stage at each positive clock 
transition. Reset of a four-stage sec¬ 
tion is accomplished by a high level 
on the reset line. Register expansion 
to 8 stages with one CD4015A or 
to more than 8 stages with multiple 
CD4015A package is permitted. 

8-Stage 

Synchronous Parallel- 
Input/Serial-Output 
Register (CD4014A) 

Fig. 516 shows the logic diagram 


transition and under control of the 
parallel/serial input. When the 
parallel/serial input is low, data is 
serially shifted into the 8-stage reg¬ 
ister synchronously with the clock 
positive transition. When the paral¬ 
lel/serial input is high, data is 
jammed into the 8-stage register by 
way of the parallel input lines and 
synchronously with the positive 
clock transition. Register expansion 
with multiple CD4014A packages is 
permitted. 

Fig. 517 shows the CD4014A in 
an 8-stage synchronous parallel- 
input/serial-output register applica- 
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PARALLEL 
INPUT-I 



( 12 ) 
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Fig. 516 — CD4014A 8-stage synchronous parallel-input/serial-output register. 


tion. In this configuration, the 
CD4013A allows a parallel transfer 
to be made into the CD4014A 
register once every 8 clock pulses. 
Use of the divide-by-2 outputs of the 
CD4013A as parallel inputs to alter¬ 
nate CD4014A stages permits 
changeover from a 10101010 to a 
01010101 parallel input pattern 
every 8 pulses. A scope trace of the 
changeover would show the parallel 


transfer of the 01010101 pattern 
into the register followed by eight 
shift pulses and subsequently an¬ 
other parallel transfer of 10101010 
and eight shift pulses. High-speed-to- 
low-speed data queueing and paral¬ 
lel/serial data conversion are typical 
applications. 

The CD4014A can be utilized in 
pseudo-random code-generation ap¬ 
plications by means of combined 
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Fig. 517 — CD4014A 8-stage synchronous parallel-input/serial-output register application. 
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control of the parallel input condi¬ 
tions and gating of the feedback of 
the 6th, 7th, and 8th stages to the 
serial input. 

3-Stage 

Asynchronous Parallei- 
Input/Serial-Output 
Register (CD4021A) 

Fig. 518 shows the logic diagram 
of the CD4021A 8-stage asynchro¬ 
nous parallel-input/serial-output reg¬ 
ister. Operation is basically the same 
as for the CD4014A except that 


parallel transfers are made as soon 
as the parallel/serial control input 
goes high. Parallel transfers are 
thus made asynchronously with the 
clock input. Serial shifting is still 
performed synchronously with the 
clock input. The CD4014A thus per¬ 
mits the parallel transfer to be syn¬ 
chronized with a different clocking 
signal than the serial transfer. In 
high-speed-to-low-speed data queue¬ 
ing, for example, an externally gated 
high-speed clock may control the 
parallel transfer while the low-speed 
clock controls the serial shifting. 


PARALLEL 

INPUT-1 PI-2 PI-3 PI-4 



Fig. 518 — CD4021A 8-stage asynchronous parallel-input/serial-output register. 
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Digital display devices are widely 
used to present information in a 
clear, interesting-, attention-catch¬ 
ing manner. For reasons of speed 
and convenience, electronic seven- 
segment numerals are used in many 
of these displays; light-emitting 
diodes (LED’s), incandescent-seg¬ 
ment lamps, fluorescent displays, 
and liquid crystals are examples of 
such devices. In these units, a com¬ 
bination of two or more of the seven 
segments can be activated to pro¬ 
duce any numeral from 0 through 
9. The seven segments are identified 
by the letters a, b, . . . g, as shown 
in Fig. 519. 



d 
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Fig. 519—Designations of the segments in 
a seven-segment digit. 

Seven-segment digital displays for 
use in counting, timing, and meter¬ 
ing applications can be driven by 
the RCA CD4026A or CD4033A 
COS/MOS decade counter/dividers. 
Each of these circuits consists of a 
5-stage Johnson decade counter and 
an output decoder that converts the 
Johnson code into a 7-segment de¬ 
coded output to drive a seven-seg¬ 
ment digital display. The CD4033A 
has ripple-blanking input and out¬ 
put (RBI and RBO) and lamp-test 
capability. The CD4026A has dis¬ 
play-enable capability. 


This section describes the 
CD4033A and CD4026A and their 
use with various 7-segment display 
units presently available. Interface 
packages and methods are discussed 
to help the designer select the best 
system to meet his needs. Also in¬ 
cluded are battery-operated systems 
for digital clocks and watches. 


CIRCUIT OPERATION 
AND PERFORMANCE 
CHARACTERISTICS 

The inputs to the CD4033A are 
clock, reset, clock enable, ripple¬ 
blanking input (RBI), and lamp 
test as shown in Fig. 520. The out¬ 
puts are carry out, ripple-blanking 
output (RBO), and the seven de¬ 
coded outputs (a, b, c, d, e, f, g). The 
effects of the various input signals 
are shown in Fig. 521. A high reset 
signal clears the decade counter to 
its zero count. The counter is ad¬ 
vanced one count at the positive clock 
signal transition if the clock-enable 
signal is low. Counter advancement 
by way of the clock line is inhibited 
when the clock-enable signal is high. 

The carry-out (Gout) signal com¬ 
pletes one cycle every ten clock in¬ 
put cycles and is used to clock the 
succeeding decade directly in a multi¬ 
decade counting chain. The seven 
decoded outputs (a, b, c, d, e, f, g) 
illuminate the proper segments in 
a 7-segment display device used to 
present the decimal number 0 to 9. 
The 7-segment outputs go ^‘high” on 
selection. 
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a 



Fig, 520—Logic diagram for CD4033A decade counter/divider with decoded 7-segment 

display outputs. 


reset I --- 

CLOCK ENABLE_ n_ 


LAMP TEST _ 

RBI - 

COUT (CLOCK ^10) 
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Fig. 521 — CD4033A timing diagram. 
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The CD4033A has provisions for 
automatic blanking of the non¬ 
significant zeros in a multi-digit 
decimal number. This feature results 
in an easily readable display con¬ 
sistent with normal writing practice. 
For example, the number 0050.0700 
in an eight-digit display would be 
displayed as 50.07. Zero suppression 
on the integer side is obtained by 
the connection of the RBI terminal 
of the CD4033A associated with the 
most significant digit in the display 
to a low-level voltage and the con¬ 
nection of the RBO terminal of the 
same stage to the RBI terminal of 
the CD4033A in the next-lower- 
significant position in the display. 
This procedure is continued for each 
succeeding CD4033A on the integer 
side of the display. 

On the fraction side of the dis¬ 
play, the RBI of the CD4033A asso¬ 
ciated with the least significant bit 
is connected to a low-level voltage 
and the RBO of the same CD4033A 
is connected to the RBI terminal of 
the CD4033A in the next more sig¬ 
nificant-bit position. This procedure 
is continued for each CD4033A on 
the fraction side of the display. 


In a purely fractional number 
(e.g. 0.7346), the zero immediately 
preceding the decimal point can be 
displayed by the connection of the 
RBI of that stage to a high-level 
voltage (instead of the RBO of the 
next more significant stage). Simi¬ 
larly, the zero in a number such as 
763.0 can be displayed by the con¬ 
nection of the RBI of the CD4033A 
associated with it to a high-level 
voltage. Ripple blanking of non¬ 
significant zeros provides an appre¬ 
ciable savings of display power. 

The CD4033A has a lamp-test 
input which, when connected to a 
high-level voltage, overrides normal 
decoder operation and enables a 
check to be made of possible display 
malfunctions by putting the 7 out¬ 
puts in the high state. 

Fig. 522 shows the logic dia¬ 
gram of the RCA CD4026A. The 
CD4026A is identical to the CD4033A 
except that the ripple-blanking in¬ 
put (RBI) and the ripple-blanking 
output (RBO) and lamp-test capa¬ 
bilities are replaced by a “display 
enable’^ control. An extra c-segment 
output (not gated with the display 
enable) is available to retain the 


CbUT 



Fig. 522—Logic diagram of CD4026A. 
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ability to implement the divide-by- 
12 function. The power dissipation 
and output characteristics of the 
CD4026A and CD4033A are identi¬ 
cal. 

DISPLAY DRIVERS 

The decoded outputs of the 
CD4026A and CD4033A decade 
counter/dividers are applied to the 
segments of the digital display de¬ 
vices through display-driving cir¬ 
cuits. The following paragraphs 
briefly describe a pair of COS/MOS 
integrated circuits and a pair of 
bipolar integrated circuits suitable 
for use as display drivers. 

COS/MOS Drivers 
(CD4009A and CD4010A) 

Figs. 523 and 524 show the 
circuit diagrams for the CD4009A 
(Inverting Hex Buffer) and 
CD4010A (Non-Inverting Hex Buf¬ 
fer), respectively. Six buffers are 
provided per package. Figs. 525 and 
526 show VoL output characteristics 
(n-channel) and Voh output charac¬ 
teristics (combined p-and-n-channel 
devices) for both types. 


Bipolar 1C Drivers 
(CA3081 and CA3082) 

Fig. 527(a) shows the schematic 
diagram of the CA3081 (common- 
emitter array). Fig. 527(b) shows 
VcE(sat) as a function of collector 
current for one of 7 identical tran¬ 
sistors. 

Fig. 528(a) shows the schematic 
diagram of CA3082 (common- 
collector array). Fig. 528(b) shows 
hpE as a function of collector cur¬ 
rent at VcE — 3V. 

INTERFACING DECADE 
COUNTER/DIVIDERS WITH 
DISPLAY DEVICES 

The CD4026A and CD4033A 
decade counter/dividers can be used 
with most popular types of digital 
display devices. The following para¬ 
graphs describe the interfacing 
methods for various types of display 
devices. 

Light-Emitting Diodes 

The MAN 3 (Monsanto or equiva¬ 
lent) is a low-power monolithic 
7-segment diffused planar GaAsP 


9 ''DD Q vcc 




OUTPUT 


IX 


Vcc 

GND 


u 


H 



N 


Vss 4=- 


CONFIGURATION: 

HEX COS/MOS TO DTL OR TTL 
CONVERTER (INVERTING) 
WIRING SCHEDULE: 

CONNECT Vcc TO DTL OR 
TTL SUPPLY. 

CONNECT VpD TO COS/MOS 
SUPPLY 

92SS-4139 


Fig. 523—Schematic diagram (1 of 6 identical stages) of CD4009A. 
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Fig. 524—Schematic diagram (1 of 6 identical stages) of CD4010A. 
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(b) 92CS-25969 



> DRAIN-TO-SOURCE VOLTAGE Vqq -Vqh 
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Fig. 525—(a) CD4009A and CD4010A Vol Fig. 526—(a) CD4009A and CD4010A 
output drive capability, Vod = Vcc = ^- 5 , Vcc — output drive capability, Vdd = 

5V; (b) CD4009A and CD4010A Vol out- Vcc = J0.5, and 3.5V; (b) CD4009A and 

put drive capability, Voo = Vcc^ fO, 15V. CD4010A Vcc ~ Vol output drive capa¬ 

bility, Vod = lOV and Vcc = 5V. 
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Vp*l.7V(TYR) TO 2.0 V (MAX.) i TA»25*CiIp= 5 mA 
AVp - 2 mV/* C-. Ip MAX / SEGMENT * 10 mA CONTINUOUS; 
TEMPERATURE RANGE: -55* C < T < + 85* C 



CHARACTER SIZE'. 
0.115" X 0 064” 
WITH 10* SLANT 




NOTE: FOR ADDITIONAL INFORMATION 
SEE MONSANTO'S PUBLISHED 
DATA ESP 35 DATED 2/70 
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Fig. 529 — (a) Schematic diagram and (b) physical dimensions of the MANS display 

device. 


condition at a duty cycle of 100 per 
cent for Vdd between 9 and 15 volts. 
A typical CD4033A can supply a 
forward current of 5 milliamperes 
per segment with a supply voltage 
as low as 9 volts and yields a fairly 
bright display. The power supply 
dissipation is approximately 45 milli¬ 
watts per segment (9 volts x 5 
milliamperes). 


Incandescent Readouts 

Fig, 531 shows the physical di¬ 


mensions of RCA NUMITRON de¬ 
vices DR2000, DR2100, and DR2200 
low-power miniature incandescent 
readouts. Brightness and segment 
current as functions of segment volt¬ 
age are shown in Fig. 532. 

Fig. 533 shows the CD4033A or 
CD4026A being interfaced with 
DR2000-series displays. In the ar¬ 
rangement shown in Fig. 533(a), 
if Vdd is less than 8 volts, a 
CD4010A buffer must be used be¬ 
tween the CD4033A or CD4026A 
segments and the CA3081. In the 
arrangement shown in Fig. 533(b), 
care should be taken not to exceed 
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(a) 
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Fig. 530-^CD4033A or CD4026A being interfaced with MAN-3 at various supply 

voltages. 










SEGMENT 
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Fig. 531—Segment arrangement and physical dimensions of RCA NUMITRON devices: 
(a) DR2000-series devices; (b) DR2100- and DR2200-series devices. 
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DC SEGMENT VOLTS 



DC SEGMENT VOLTaGE-V 
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Fig. 532 — (a) Brightness as a function of segment voltage and (b) segment current as a 
function of segment voltage for RCA NUMITRON devices. 
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INCANDESCENT READOUTS 


RCA NUMITRON - DR2000 SHRIES 
TUBE REQUIREMENTS: 

Vj = 3.5 5.0 V 

Ij- 24 inA SEGMENT 

I >T ASSUMED 
[ TRANSISTOR 

CHARACTERISTICS 


Bdc (m 


> 25 


VcE(saf.)< 0.50V 
■ = 8 V (min.) 

Ig = 1.0 mA (min.) 
ly = 24 mA (min.) 

RCA NUMITRON - DR2000 SERIES 
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Figure 533—CD4033A or CD4026A driving RCA DR2000-Series NUMITRON. 


the maximum power dissipation of 
the CD4009A (100 milliwatts per 
buffer unit, 200 milliwatts per pack¬ 
age). 

The Pinlite* Series ‘‘O” and “R” 
low-power miniaturized incandescent 
readouts can be used in much the 
same way as the RCA NUMITRON 
devices. 

Low-Voltage Vacuum 
Fluorescent Readouts 

TungSol Digivac S/G** Types 
DT1704B and DT1705D, Nippon 
Electric (NEC) Type DG12E/ 
LD915, and Sylvania Type 8894 are 


* Trademark of Pinlite, Inc. 

Trademark of Tung-Sol Division 
Wagner Electric Corp. 


low-voltage and low-power vacuum 
fluorescent 7-segment readouts. Fig. 

534 shows the physical dimensions 
and brightness characteristics of the 
TungSol Digivac DT1704B and 
DT1705D. A brightness level of 150 
foot-lamberts (typical) is indicated 
at a plate voltage of 25 volts. Fig. 

535 illustrates a method of driving 
these devices with the CD4033A. The 
requirements are 100 to 300 micro¬ 
amperes per segment at tube volt¬ 
ages of 12 to 25 volts, depending on 
the required brightness level. The 
filaments require 45 milliamperes at 
1.6 volts (ac or dc). With an Eb of 
18 volts, medium brightness in low 
ambient light background will re¬ 
sult. The point of no noticeable glow 
occurs at Eb = 4.5 volts. 
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NOTE CHARACTER SIZE APPROXIMATELY: 

.360" X .570" SLANTING TO THE 92CS-25 976 

RIGHT 8*. 

SEE PUBLISHED DATA OF TUNGSOL 
DIVISION WAGNER ELECTRIC CORP 
T438 DATED 8/69. 


(a) 


Fig. 534 — (a) Physical dimensions and (b) plate current as a function of plate voltage for 
Tung-Sol S/G type DT1704B and DT1705D display devices. 


WITH Eb = I8V MEDIUM BRIGHTNESS 
VdD in LOW ambient LIGHT BACKGROUND 



Fig. 535—Interfacing CD4033A or CD4026A with Tung-Sol S/G type DT1704B or 

DT1705D. 
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Liquid-Crystal Displays 

The RCA developmental types 
TA8054 and TA8055, shown in Figs. 
536 and 537, are representative 4- 
digit 7-segment liquid-crystal cells. 
They are available in both reflective 
and transmissive models. The re¬ 
flective versions, designated by suf¬ 
fix R, are intended for use with 
available front lighting; they utilize 
a mirrored area on the inner surface 
of the back plate to enhance con¬ 
trast. The transmissive versions. 


The TA8054R, TA8054T, TA8055R, 
and TA8055T are designed for ac 
operation over a wide range of fre¬ 
quencies from 30 to 400 Hz; typically 
32 Hz is used in many applications 
(dc is not recommended). Operation 
at approximately 15 volts is recom¬ 
mended for optimum response time 
and compatibility with COS/MOS 
integrated circuits. The TA8054 and 
TA8055 can be easily addressed and 
driven by the RCA COS/MOS cir¬ 
cuit shown in Fig. 538. Both this 
circuit and the clock display shown 
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Fig. 536—Typical seven-segment liquid-crystal digital displays. 


designated by suffix T, are intended 
for use in applications where back¬ 
lighted or edge-lighted readouts are 
desired; in these types, both plates 
are transparent. The TA8054R and 
TA8054T are numeric readout de¬ 
vices having decimal points before 
each digit, and are intended for a 
wide variety of display applications 
in test equipment, electronic meters, 
etc. In such applications only the de¬ 
sired decimal points will be visible. 
The TA8055R and TA8055T are 
numeric devices having a colon be¬ 
tween the second and third digit, 
and are intended for a wide variety 
of applications in clock and timing 
equipment. 


in Fig. 539 use the RCA CD4026A 
or CD4033A COS/MOS counter/ 
divider. 

DIGITAL-METER 

APPLICATIONS 

The CD4033A and CD4026A are 
unique in that they have both 
counting and decoding on a single 
chip. The block diagram of Fig. 540 
demonstrates the use of the 
CD4033A and CD4026A in digital- 
meter applications where time multi¬ 
plexing or sampling-and-display 
functions are employed (to elimi¬ 
nate the need for holding circuits). 
An analog input is converted to a 
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NOTES: 

1. REFLECTIVE CELL IS MIRRORED INTERNALLY 

IN AREAS OF DIGITS AND DECIMALS 92CS-2598I 

2. Xi, X2, X3, AND X4 TERMINATIONS ARE GROUND 

ON BACK PLATE FOR DIGITS 1, 2, 3, AND 4 
RESPECTIVELY <0* 



NOTES; 

1. REFLECTIVE CELL IS MIRRORED INTERNALLY 
IN AREAS OF DIGITS AND COLON 

2. Xi, X2, Xp, X3, AND X4 TERMINATIONS ARE GROUND 
ON BACK PLATE FOR DIGITS AND COLON 1, 2, P, 3 
AND 4 RESPECTIVELY 


Fig. 537 — (a) TA8054 and (b) TA8055 liquid-crystal cells. 
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Vdd 
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SQUARE WAVE 



12 TO 15 V 


“T 


-AVERAGE VOLTAGE ACROSS ANY 
SEGMENT as 0 VOLTS. 



(TO NEXT DECADE) 


COUNTER/DECODE 

I-CD4026A OR CD4033A/CHARACTER 
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92CL-I9299RI 


Fig. 538—COS/MOS driver circuU for TA8054R, TA8054T, TA8055R, TA8055T. 
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(OPTIOflAL) 

SECONDS DISPLAY 

f ' ^ I Hz CLOCK 



30 Hz < fin < 60 Hz FOR DRIVING LIQUID-CRYSTAL COMMON RETURN 
AND CD4030A'S IS DERIVED FROM REFERENCE FREQUENCY COUNT¬ 
DOWN. 

COLON IS DRIVEN FROM 1-Hz SIGNAL TO GIVE FLASHING 1-SECOND 
INDICATIONS (USE CD4034A LIQUID-CRYSTAL DRIVE SCHEME-SEE 
FIG. 538. 
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Fig. 539 — COS/MOS logic and driving circuitry for liquid-crystal clock displays TA8055R 
and TA8055T (continued on page 447). 
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TO CD4030A LIQUID 
CRYSTAL DRIVER LOGIC 
(SEE FIG. 538) 

4 CD4030A. PACKAGES 


MINUTES DISPLAY 


7SEG(0-9) 7SEG(0-9) 



'^DD OF HRS. RESETS 12 COUNTER 
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+ 60, +60, +12 COUNTER LOGIC 
PACKAGE COUNT: 

5 CD4033A 

3 C040I3A (DUAL F/F) 

4 C0400IA 


Fig. 539 — COS/MOS logic and driving circuitry for liquid-crystal clock displays TA8055R 
and TA8055T (continued from page 446). 





448 


RCA Solid-State Devices Manual 



92CS-25980 


Fig. 540—Block diagram of dc meter using CD4033A or CD4026A. 


sequence of pulses in which the pulse 
count is proportional to the analog 
input level. Sampling rates may be 
fast enough to result in an apparent 
fixed display, or they may be slower 
and cause noticeable changes in dis¬ 
play during sampling. Longer dis¬ 
play times or display blanking dur¬ 


ing sampling may be used to prevent 
flicker. 

Fig. 541 shows a general block 
diagram using the CD4033A or 
CD4026A in Digital Counter/Timers. 
As in the dc meter applications, time 
multiplexing of sampling and dis¬ 
play functions i^ utilized. 
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Fig. 541—Block diagram of digital counter/timer using CD4033A or CD4026A. 
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Ignition Systems 


The increasing use of transistor 
and thyristor ignition systems 
in the automotive industry has 
stimulated demands for improved 
performance, reduction in emissions 
that results because more accurate 
spark timing is achieved with 
magnetic-pickup distributors, and 
greater reliability. The following 
discussion covers the requirements 
for automobile ignition systems and 
compares the relative merits of ca¬ 
pacitive and inductive types. Both 
systems are described in terms of 
operation, performance, and limita¬ 
tions; practical circuits are shown. 
The application of the capacitive- 
discharge principle in small-engine 
ignition crcuits and in gas-system 
igniters is also described. 

BASIC CONSIDERATIONS 
FOR AUTOMOTIVE SYSTEMS 

Under worst-case conditions, 
about 22 kilovolts are required to 
ignite the combustible mixture in 
the cylinder of an automobile en¬ 
gine. In addition, a minimum en¬ 
ergy of about 20 millijoules must 
be available in the spark to assure 
propagation of a stable flame front 
originating at the spark. The exact 
values of voltage and energy re¬ 
quired under all operating conditions 
depend on many factors including 
those described in the following 
paragraphs. 

Condition of Spark Plugs 

Fouled plugs reduce both the volt¬ 


age and the energy available for 
ignition. The plug gap also affects 
both the voltage and the energy re¬ 
quired. As the plug gap is increased, 
the required voltage increases, but 
the required energy decreases. 

Cylinder Pressure 

The cylinder pressure depends 
on both the compression at the point 
of ignition and the air-fuel mixture. 
The minimum breakover voltage in 
any gas is a function of the product 
of gas pressure and electrode spac¬ 
ing (Paschen’s Law). In automo¬ 
bile engines, the minimum voltage 
increases as this product increases. 
Therefore, higher pressures also re¬ 
quire higher voltages. However, the 
energy required decreases as the 
pressure increases and increases as 
the fuel-air mixture moves away 
from the optimum ratio. Worst-case 
conditions occur when the engine is 
started, at idle speeds, and during 
acceleration from a low speed be¬ 
cause carburetion is poor and the 
fuel-air mixture is lean. The com¬ 
bination of a lower cylinder pres¬ 
sure and a dilute fuel-air mixture 
results in a high energy requirement 
under these conditions. 

Plug Polarity 

The center electrode is hotter 
than the outside electrode because 
of the thermal resistance of the 
ceramic sleeve that supports it. If 
the center electrode is made nega¬ 
tive, the effect of thermionic emis- 
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sion from this electrode can reduce 
the required ignition voltage by 20 
to 40 per cent. 

Spark-Plug Voltage Waveshape 

The spark-plug voltage wave¬ 
shape is shown qualitatively in Fig. 
542. The voltage starts to rise at 
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Fig. 542 — Ignition-voltage waveshape. 


point A, and reaches ignition at 
point B. The region from B' to C 
represents the sustaining voltage for 
ionization across the spark plug. 
When there is insufficient energy left 
to maintain the discharge (at point 
C), current flow ceases and the re¬ 
maining energy is dissipated by 
ringing. The flnal small spike at 
point D occurs when the ignition 
coil again starts to pass current. 

The two most important char¬ 
acteristics of the voltage wave¬ 
shape are its rise time (from A to 
B) and the spark duration (from 
B' to C). A rise time that is too 
long results in excessive energy dis¬ 
sipation with fouled plugs; a rise 
time that is too short can lead to 
radiation losses of the high-fre¬ 
quency voltage components through 
the ignition harness. The minimum 
rise time should be about 10 micro¬ 
seconds; a 50-microsecond rise time 
is acceptable. Conventional systems 
have a typical rise time of about 
100 microseconds. It should be 
noted that, at an engine speed of 
5000 revolutions per minute, one 
revolution takes 12 milliseconds. 
Engine timing accuracy is usually 
no better than 2 degrees, which cor¬ 
responds to 67 microseconds. The 


error caused by the rise time is 
therefore comparable to normal tim¬ 
ing errors. At normal cruising speeds 
(about 2000 revolutions per minute), 
the 2-degree timing error corre¬ 
sponds to about 165 microseconds 
and rise-time effects are negligible. 

Energy Storage 

The energy delivered to the 
spark plug can be stored in either 
an inductor or a capacitor. Although 
the inductive storage method is the 
more common approach, both are 
used; both are discussed. One re¬ 
quirement common to both methods 
is that, after the storage element is 
discharged by ignition, it must be 
recharged before the next spark 
plus is fired. For an eight-cylinder 
engine that has a dwell angle of 
30 degrees, the time r between igni¬ 
tion pulses (in milliseconds) is equal 
to 15000 divided by the engine rpm, 
and the time ton during which the 
points are closed is equal to 10000/ 
rpm. When the engine rpm is 5000, 
TON is 2 milliseconds. For either an 
inductive or a capacitive storage 
system, therefore, the charging-time 
constant should be small compared 
to 2 milliseconds. 

INDUCTIVE-DISCHARGE 
AUTOMOTIVE SYSTEM 

Fig. 543 shows the basic circuit 
for an inductive-discharge system. 
The total primary circuit resis¬ 
tance (ballast plus coil) is repre¬ 
sented by Rp; the coil primary 
inductance is represented by Lp. 
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Fig. 543—Basic inductive-discharge ignition 
circuit (Kettering system). 
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Switch S represents the points in 
a conventional system. The trans¬ 
former step-up turns ratio is N. 
When the points close, current in¬ 
creases with a time constant tl equal 
to Lp/Rp. When the points open, a 
voltage Vp is generated across the 
primary terminals; the secondary 
voltage Vs, which is delivered to the 
spark plugs through the distributor, 
is equal to NVp. 

The maximum current is limited 
to about 4 amperes by possible 
burn-out of the points. The total 
energy stored in the coil must be 
about 50 millijoules to provide for 
energy losses by radiation, fouled 
plugs, and the like. For a battery 
voltage of 12 volts and a primary 
circuit resistance of 3 ohms, Lp 
must have a value of about 6 milli¬ 
henries. The time constant tl is 
then about 2 milliseconds; the coil 
current does not reach its maximum 
value at high engine speeds. Fig. 
544 shows primary current and sec¬ 
ondary voltage as a function of 
engine speed for a typical nontran- 
sistorized ignition circuit. The de¬ 
gradation in secondary voltage fol¬ 
lows the primary current. The 
available energy decreases even 
more rapidly because it is propor¬ 
tional to the square of the current. 



Fig. 544—Performance of conventional 
inductive-discharge ignition circuit. 


This problem can be even more se¬ 
vere than indicated because some 
conventional ignition coils have in¬ 
ductances as high as 12 millihenries, 
and the time constant is correspond¬ 
ingly longer. 

Basic Considerations 

In an inductive-discharge tran¬ 
sistor ignition system, a transistor 
switch is used instead of the points 
to control the coil current. The 
points control the base current of 
the transistor, which may be only a 
few hundred milliamperes. As a re¬ 
sult, burnout of points is eliminated. 
In addition, because a transistor can 
switch higher currents, a low-in¬ 
ductance coil can be used for the 
same coil energy. For example, a 
10-ampere coil current ( fairly typi¬ 
cal for some systems) requires a 
coil inductance of only 1 millihenry. 
The corresponding primary resist¬ 
ance is then only about 1.2 ohms, 
and the value of tl is about 0.8 milli¬ 
second. This value is sufficiently 
short for good high-speed perform¬ 
ance. Typical results are given 
later. 

Limitations—One disadvantage of 
this type of transistorized ignition 
system is the higher current drain 
from the battery or alternator. 
However, this disadvantage can be 
more than offset by easier starting, 
better high-speed performance, and 
reduced maintenance. Another im¬ 
portant consideration is temperature 
capability. Ambient temperatures 
under the hood of modern automo¬ 
biles may reach 125 ®C, and the en¬ 
gine itself may reach 150°C. The 
junction temperature of a transistor 
may rise 10 or 15 °C above ambient 
or case temperature. Available low- 
cost silicon transistors can operate 
at junction temperatures up to 
200 °C. In addition to increased re¬ 
liability, these transistors also make 
feasible the use of active-mode 
switching. This factor in itself offers 
some important advantages over the 
saturated-mode switching techniques 
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currently used in transistorized auto 
ignition systems. 

Ignition-Coil and Transistor Char¬ 
acteristics—Because the transistor 
acts as a simple switch in series with 
the ignition coil, its required char¬ 
acteristics are largely determined 
by the characteristics of the coil 
itself. The most important coil 
parameters are shown in the equiva¬ 
lent circuit of Fig. 545. In this cir¬ 
cuit, Lp is the primary inductance, 
and Cpt is the total primary capa¬ 
citance (including all capacitance in 
the secondary circuit, referred to 
the primary circuit). Switch S rep¬ 
resents the transistor. 
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Fig. 545—Simplified equivalent circuit of 
ignition coil primary. 

With switch S closed, energy is 
stored in the inductance. When the 
switch is opened, this energy is 
transferred to the capacitor, and the 
capacitor voltage Vc appears di¬ 
rectly across the transistor termi¬ 
nals. The Vce(sus) of the transistor 
(the sustaining value of the com¬ 
mon-emitter avalanche breakdown 
voltage for the particular operating 
conditions used) must therefore be 
greater than Vc. If Vcb(sus) is less 
than Vc, the transistor voltage is 
clamped to the Vcb(sus) value until 
the secondary capacitance dis¬ 
charges sufficiently for the voltage 
to decrease below Vce(sus). The out¬ 
put voltage is limited to NVce(sus). 

Even more important is the pos¬ 
sible destruction of the transistor. 
Although operation in the sustain¬ 


ing breakdown region is not neces¬ 
sarily destructive, the transistor 
may enter a second-breakdown re¬ 
gion in which it can be destroyed. 
Operation in a particular circuit 
may bring even high-voltage tran¬ 
sistors into the sustained break¬ 
down region for a brief period. 
Therefore, the ability of a transis¬ 
tor to withstand second-breakdown 
destruction becomes an important 
device characteristic. Because the 
second-breakdown phenomenon is 
energy-dependent, the transistor 
can be characterized as safe for 
operation in the second-breakdown 
region in terms of energy, current, 
and circuit inductance, or in terms 
of power and pulse duration. Second 
breakdown can occur under condi¬ 
tions of either forward or reverse 
bias. In ignition systems, only the 
reverse-bias case is of interest. For 
reliable operation, the transistor 
must be able to withstand the total 
energy stored by the coil safely. 

The current-voltage capability can 
be represented by the transistor 
load-line characteristic, as shown in 
Fig. 546. The transistor is driven 
into saturation (point A) and held 
there until an ignition pulse is re¬ 
quired. When the transistor is 
turned off, a very fast voltage spike 
occurs initially (point B) because 
of the small amount of energy 
stored in the coil-primary leakage 
inductance. 

The initial pulse, which usually 
contains insufficient energy to dam¬ 
age the transistor, does not appear 
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Fig. 546—Typical transistor load line 
characteristic. 
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at the spark plug. However, the 
energy stored in the coil magnetizing 
inductance results in a second volt¬ 
age pulse (point C) which is 
coupled to the ignition-coil second¬ 
ary. The time required to switch 
from A to C may be in the order of 
microseconds. After the transistor 
current decreases to its leakage 
value (essentally zero, compared 
with the on current of several am¬ 
peres), the collector voltage con¬ 
tinues to oscillate (point D). The 
voltage may even exceed Vce(sus) 
and be limited instead by the tran¬ 
sistor breakdown voltage V(br)ce. 
Most of the stored energy is trans¬ 
ferred to the spark plug. Ignition 
takes place during this time be¬ 
cause the build-up in coil voltage is 
determined by the resonant fre¬ 
quency of the parallel-tuned circuit 
of Fig. 545 and not by the transis¬ 
tor turn-off time. When ignition 
coils designed for transistorized op¬ 
eration are used, voltage rise-times 
in the order of 50 to 100 microsec¬ 
onds can be achieved. The much 
shorter transistor turn-off time (1 
or 2 microseconds) is then negligible. 

In addition to the transistor 
characteristics discussed thus far 
(current, voltage, and reverse-bias 
second-breakdown capabilities; re¬ 
verse breakdown voltage; and 
switching speed), there are two 
other characteristics of importance 
in ignition systems. The first is the 
saturation voltage VcE(sat) which, 
together with the primary-coil cur¬ 
rent Ip, governs the transistor power 
dissipation. The other is the dc com¬ 
mon-emitter forward-current trans¬ 
fer ratio hFE, which determines the 
required base-drive current and 
thus the current through the points 
in a one-transistor circuit. 


Typical 

Inductive-Discharge Circuits 

Fig. 547 shows a two-transistor 
ignition circuit for negative-ground 
automobiles. Current flows from the 
12-volt dc supply through the coil 


TO 



Fig. 547—Transistor ignition circuit. 

and 1-ohm resistor, through Q 2 and 
CRi, and then to ground. Transistor 
Q 2 is turned off when Qi is turned 
on, and vice versa. When the points 
close, Qi is turned off (Vbe-i = 0), 
and Q 2 is turned full on (is in satu¬ 
ration). The base-drive current for 
Q 2 is set by the 7.5-ohm resistor. 
When the points open, base current 
through the 100-ohm resistor turns 
Qi on, drives it into saturation, and 
turns Q 2 off. The VcE(sat) of Qi is 
less than 0.25 volt, which is much 
less than the Vbe turn-on threshold 
for Q 2 (about 0.6 volt). This rela¬ 
tionship is necessary to assure that 
Q 2 is turned off. The zener diode 
CRi should be used to protect Q 2 
from second breakdown. 

The primary current and second¬ 
ary voltage for the circuit of Fig. 
547 are shown as functions of en¬ 
gine speed in Fig. 548. Two points 
should be noted. First, coil current 
and secondary voltage are nearly 
constant with engine speed, espe¬ 
cially when compared with the 
curves for a nontransistorized sys¬ 
tem shown in Fig. 544. This im¬ 
provement is a result of the much 
shorter inductive time constant tl 
for the transistorized system. Sec¬ 
ond, the output voltage decreases 
significantly under simulated fouled- 
plug conditions, although stored en¬ 
ergy or coil current is independent 
of the shunt resistance. The decrease 
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Fig. 548—Performance of a transistorized 
ignition circuit. 


of experimental RCA transistors un¬ 
der varied conditions. 

The operation of the circuit shown 
in Fig. 549 differs from that of most 
transistor ignition circuits in one 
important respect. For normal bat¬ 
tery voltages and engine speeds, the 
transistor switches from the active 
region rather than from saturation. 
Current regulation is accomplished 
by means of current feedback 
through the emitter resistor. The 
two diodes in the base circuit pro¬ 
vide a reference voltage that re¬ 
mains constant at 1.5 volts ± 5 per 
cent when the battery voltage varies 
from 8 to 16 volts. When the points 
close, current builds up in the coil 
and the transistor along the satura¬ 
tion line. The negative feedback 
voltage developed across the emit¬ 
ter resistor reduces the net base- 
to-emitter drive voltage. Thus, the 
transistor comes out of saturation 
and reaches a steady-state current 
in the active region. Fig. 550 shows 
waveforms for this type of high- 
current operation. 


is caused by the energy lost in the 
1-megohm shunt resistor used to 
simulate the fouled plugs. 

Fig. 549 shows an active-mode, 
current-regulated transistor igni¬ 
tion circuit in its simplest form. 
The circuit shown can be applied 
directly to a positive-ground sys¬ 
tem, or it can be modified for use 
with a negative-ground system. Be¬ 
cause of its simplicity, this circuit 
has been used to test performance 
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Fig. 549 — Active-mode, current-regulated 
circuit. 



t—ms 


|il!l 

■■ 

■ 

■ 

■1 

IM 

■1 

m 

■ 

■ 

■II 

llli 


IIH 

in 

m 


IB 

m 

ini 

m 

■ 

■ 

■1 

!■ 

i 


0 2 4 6 8 10 

t—ms 



Vg—V 

^ 92CS-25961 

Fig. 550—Typical waveforms for active¬ 
mode switching. 
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The upper curve in Fig. 550 
shows the collector-current wave¬ 
form. The center curve shows the 
collector-voltage waveform. When 
the points close, Vc drops from the 
upper flat portion (equal to the bat¬ 
tery voltage) to zero. The voltage 
then rises to a constant value dur¬ 
ing the on condition. When the 
points open, a large oscillating volt¬ 
age is generated. The lower curve 
shows the operating load line on an 
expanded scale. For the particular 
test conditions used, approximately 
two milliseconds are required for 
the transistor to come out of satura¬ 
tion. This time corresponds to an 
engine speed of 5000 revolutions 
per minute in an eight-cylinder en¬ 
gine with a 30-degree dwell angle. 
For lower speeds, the coil current 
and, therefore, the output voltage 
remain constant, as discussed later. 

Advantages of this type of opera¬ 
tion include excellent regulation 
with engine speed, reduction of tran¬ 
sistor storage time during switch¬ 
ing to the off condition, and great 
simplicity and design flexibility. Per¬ 
formance of the basic circuit shown 
in Fig. 549 is good for battery volt¬ 
ages down to 3.5 volts. Further im¬ 
provement can be obtained if the 
base resistor Rb is replaced by a 
second transistor which acts as a 
base-drive voltage regulator to com¬ 
pensate for battery-voltage varia¬ 
tions. 

The major disadvantage of this 
type of operation is the higher av¬ 
erage power dissipation in the tran¬ 
sistor. With some additional circuit 
modifications, however, it is possible 
to make the transistor on time a con¬ 
trolled function of engine speed. The 
advantages of active-mode switching 
can then be obtained without the 
chief disadvantage, the high average 
power dissipation. 

The basic circuit of Fig. 549 has 
been used for both high-current and 
low-current operation. The choice is 
determined by the selection of the 
ignition coil and by the values used 
for Re and Rb, as follows: 


Component 

High-Current 

Low-Current 


Re 


0.02 

0.1 

ohm 

Rb 


5 

10 

ohms 

Rd 


220 

220 

ohms 

Coil: Lp 

0.9 

4 

mH 


N 

0.3 

0.9 



Rp 

240 

113 

ohm 


Fig. 

551 shows 

characteristic 


curves for the output voltage of the 
high-current circuit of Fig. 549 into 
a 50-picofarad, 1-megohm load as a 
function of engine speed for several 
different battery voltages. For nor¬ 
mal cruising speeds and a battery 
voltage of 13.5 volts, the peak volt¬ 
age is about 27 kilovolts. Even at 
5000 revolutions per minute, the volt¬ 
age is still about 25 kilovolts, or 
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Fig. 551—Ignition voltage as a function of 
engine speed for the high-current system. 

substantially greater than the nor¬ 
mal 12 to 14 kilovolts required at 
this speed. Even at a battery voltage 
of 8 volts, the output voltage ex¬ 
ceeds 15 kilovolts and satisfies nor¬ 
mal requirements at this speed. 
Under extreme conditions (such as 
cranking the engine on a very cold 
morning), the voltage available 
from a normal 12-volt battery may 
be as low as 3.5 volts. At this low 
voltage level, the high-current cir¬ 
cuit provides almost 12 kilovolts for 
a fouled plug (1-megohm load) and 
17.5 kilovolts for an unfouled plug. 

Fig. 552 shows the output-voltage 
waveform at two different time 
scales for a battery voltage of 16 
volts and an engine speed of 5000 
revolutions per minute. The output 
voltage is about 28 kilovolts and the 
rise time (measured between the 10- 
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and 90-percent points) is only 60 
microseconds. This short rise time 
minimizes timing errors and permits 
the firing of fouled plugs. Fouled 
plugs require short rise times to re¬ 
duce the amount of energy that is 
dissipated by the shunt resistance 
and thus made unavailable for igni¬ 
tion. 
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Fig. 553—Collector current and voltage for 
high-current operation. 


Fig. 552—Output voltage for high-current 
operation. 

Fig. 553 shows the collector cur¬ 
rent (top), collector voltage (mid¬ 
dle), and load-line characteristic 
(bottom) for the same conditions. 
The peak voltage-current product is 
4300 volt-amperes (250 volts and 18 
amperes), as compared with a typi¬ 
cal product of 1000 volt-amperes for 
most other auto-ignition transistors. 
At idling speeds, the average cur¬ 
rent drain and transistor power dis¬ 
sipation are excessively high in the 
simple test circuit of Fig. 549. How¬ 
ever, controlled timing can be used 
to limit the transistor on time, for 
all engine speeds, to the minimum 
value required to just reach the de¬ 
sired current level. Such timing re¬ 
duces both current drain and power 
dissipation to acceptable levels. 

Fig. 554 shows the performance 
characteristics of the low-current 
circuit of Fig. 549 under fouled- 
plug conditions. At normal cruising 


speeds and a battery voltage of 13.5 
volts, the peak voltage is about 25 
kilovolts. At 5000 revolutions per 
minute, the voltage is about 16 kilo¬ 
volts, which is still adequate for ig¬ 
nition. For the extreme case of the 
3.5-volt supply, the output voltage 
is greater than 10 kilovolts for a 
fouled plug and is about 16.5 kilo¬ 
volts for an unfouled plug. 

The somewhat poorer high-speed 
performance of the low-current cir¬ 
cuit results directly from the use of 
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Fig. 554—Ignition voltage as a function of 
engine speed for the low-current system. 
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an ignition coil that has higher pri¬ 
mary inductance, as discussed pre¬ 
viously. However, these performance 
characteristics are still superior to 
those of a conventional ignition sys¬ 
tem, which uses a coil of even higher 
inductance. A contributing factor to 
the improved performance is the use 
of current regulation in this transis¬ 
torized system. Further improve¬ 
ments can be achieved by use of 
ignition coils with improved charac¬ 
teristics. 

Fig. 555 shows the output-voltage 
waveform at two different time 
scales for a battery supply of 14 
volts and an engine speed of 1000 
revolutions per minute. The output 
voltage is 26 kilovolts, and the rise 
time is 66 microseconds. The some¬ 
what longer rise time, which results 
from the higher coil inductance, is 
still much shorter than the 100-to- 
150-microsecond rise time typical of 
conventional ignition systems. 
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Fig. 555—Output voltage for low-current 
operation. 

Fig. 556 shows the emitter cur¬ 
rent (top), collector voltage (mid¬ 
dle), and load-line characteristics 
(bottom) for the same conditions. 
The peak voltage-current product is 
only 1400 volt-amperes (220 volts 
and 6.6 amperes). This value, wliich 
is determined by the circuit opera¬ 
tion, is well within the 4000-volt- 
ampere capability of the transistor. 


Fig. 556—Emitter current and collector 
voltage for low-current operation. 


CAPACITIVE-DISCHARGE 

SYSTEMS 

The basic capacitive-discharge 
system is illustrated in Fig. 557. 
It is important to note that the 
transformer serves simply as a pulse 
transformer. Therefore, perform¬ 
ance at high engine speeds is not 
affected by the transformer pri¬ 
mary inductance but, instead, is gov¬ 
erned by the time required to charge 
capacitor C to the desired voltage 
level. 

Basic Circuit Operation 

The trigger-control circuit (which 
can be a transistor switch) is con¬ 
trolled by the distributor points. 
More sophisticated distributor con¬ 
trol, such as that available from 
distributors in which the voltage 
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Fig. 557—Basic configuration for capa¬ 
citive-discharge ignition circuits: (a) stor¬ 
age capacitor connected across input 
voltage source; (b) storage capacitor con¬ 
nected in series with input voltage source 
and pulse transformer. 

pulses are derived magnetically or 
photo-optically, can also be used to 
control the trigger circuit. (Such 
distributors are also useful in the 
inductive-discharge transistor igni¬ 
tion circuits prevously discussed.) 
The capacitor is charged to the dc 
voltage; the stored energy £ is equal 
to C(Vc)V2, where Vc is the capaci¬ 
tor voltage. At the appropriate time, 
the trigger-control circuit fires the 
silicon controlled rectifier (SCR). 
The capacitor discharges through 
the transformer, which steps up the 
voltage to a value Vs equal to KNVc, 
where N is the transformer turns 
ratio and K is a constant that is de¬ 
pendent mainly on the value of the 
capacitance and of the transformer 
leakage inductance and generally 
ranges between 1 and 1.5. The stored 
energy is thus delivered to the spark 
plug in the form of a high-voltage 
pulse. Typical values for Vc and C 
are about 350 volts and 1 micro¬ 
farad, respectively. Thus the energy 
£ is about 60 millijoules. 


Because the energy dissipated in 
the spark gap is equal to the energy 
stored in the capacitor minus the 
losses in the transformer and SCR, 
the energy available in the system 
is relatively easy to calculate. Ex¬ 
amination of the basic circuits shows 
that the energy is transferred only 
when the SCR is forward conduct¬ 
ing with the gate biased on. How¬ 
ever, part of the energy is not avail¬ 
able in the basic circuit because the 
capacitor and inductor form a tuned 
circuit when the SCR is on, and the 
energy that would normally flow 
back from the inductor to the capaci¬ 
tor is stopped by the high reverse 
impedance of the SCR. This energy 
is, therefore, lost as available spark 
energy. The duration of the spark 
is limited, then, to approximately 
one-half cycle of the natural LC 
frequency of oscillation. Some of the 
energy lost can be regained and 
used to increase the spark duration 
by installing a diode in the basic 
circuits of Fig. 557 as shown in 
Fig. 558. The diode not only by¬ 
passes the reverse impedance of the 
SCR but eliminates the possibility 
that the SCR might conduct in the 
reverse direction should the gate of 
the SCR be biased on at this time. 
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Fig. 558—Basic circuit configurations 
shown in Fig. 557 modified by the addition 
of a diode in shunt with the SCR switching 
device. 







ignition Systems 


459 


Thus, in addition to improving sys¬ 
tem low-temperature performance 
by increasing spark duration, the 
diode reduces the possibility of ex¬ 
cessive heating and damage to the 
SCR that could accompany reverse 
conduction and thereby reduces the 
over-all cost of the system by re¬ 
ducing the reverse blocking require¬ 
ment of the SCR. The ratio of spark 
duration to charging time decreases 
with increasing RPM so that in 
some applications an RPM limit may 
be reached below the desired maxi¬ 
mum because of the charging-time 
requirements. 

Economic Considerations 

The capacitive-discharge system 
is generally acknowledged to be 
technically superior to the inductive- 
discharge system. Its chief drawback 
has been (and continues to be) eco¬ 
nomic. Although the transformer 
may be less expensive than an igni¬ 
tion coil, the capacitor must be of 
fairly high quality. The SCR and 
its associated trigger circuit are 
generally more expensive than com¬ 
parable transistors and trigger cir¬ 
cuits for inductive-discharge sys¬ 
tems. Finally, the capacitor charging 
circuit in an automotive ignition 
system is a dc-to-dc converter, which 
represents an additional cost ele¬ 
ment. Such converter circuits typi¬ 
cally require a transformer, two or 
four diodes for rectification, and one 
or two transistors. With the increas¬ 
ing use of the ac alternators in mod¬ 
ern automobiles, it may eventually 
be possible to tap off the ac voltage, 
step it up to the desired voltage by 
use of a simple transformer, and 
rectify it. However, it is not clear 
at this time that this approach is 
desirable or less costly. Despite 
these considerations, there are a 
number of capacitive-discharge sys¬ 
tems available on the replacement 
market. 

Technical Considerations 

One significant feature of the 


capacitive-discharge system is that 
the input power increases directly 
with the increased spark-plug power 
required as engine speed increases. 
In the inductive-discharge system, 
on the other hand, the opposite is 
true, as shown in Fig. 559. The re¬ 
quired power is the product of the 
energy required per igniton pulse 
and the number of ignition pulses 
per second. The upper curve of Fig. 
559 was determined experimentally 
for the circuit of Fig. 543 for a bat¬ 
tery supply of 14 volts. In the capa¬ 
citive-discharge system, input power 
can be made proportional to the re¬ 
quired power because the capacitor 
is charged once per ignition pulse 
and holds this charge until needed. 



0 2000 4000 6000 

ENGINE SPEED-r/min 

92CS-2I806 


Fig. 559—Ignition power requirements. 

In addition, feedback can be used 
to turn the converter off after the 
capacitor is charged and thus cut 
off the input power to the system. 
The input power can therefore be 
made proportional to engine speed, 
and higher efficiency can be achieved 
at all speeds. The curve shown in 
Fig. 559 applies for a commercially 
available capacitive-discharge sys¬ 
tem. The higher efficiency of this sys¬ 
tem is apparent. 

A second important advantage of 
the capacitive-discharge system is 
that faster rise times are more read¬ 
ily obtained because the transformer 
acts only as a pulse transformer 
and not as an energy-storage ele¬ 
ment. Therefore, its high-frequency 
response characteristic is governed 
by its leakage inductance, which is 
much smaller than the primary mag¬ 
netizing inductance. This advantage 
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is obtained even when a conventional 
ignition coil is used as the pulse 
transformer. Secondary-voltage rise 
times of about 15 to 30 microseconds 
are readily obtained. As discussed 
previously, the shorter rise time 
greatly enhances the ability of this 
system to fire fouled plugs. 

A major operating point that must 
be considered in the capacitive- 
discharge system is when to charge 
the capacitor. In some systems the 
capacitor is charged soon after dis¬ 
charge, in others, just before dis¬ 
charge. The second method is the 
better in that it minimizes the losses 
resulting from leakage, but this ad¬ 
vantage is somewhat negated be¬ 
cause of the precise timing required 
to institute the charge just prior to 
discharge. This requirement can re¬ 
sult in complex mechanical or elec¬ 
trical arrangements. 


Component Requirements 

In a capacitive-discharge ignition 
system, the forward blocking voltage 
of the SCR must be greater than 
about 400 volts, and its current¬ 
handling capability must be about 
5 amperes. The SCR firing charac¬ 
teristics as a function of tempera¬ 
ture are important, and must be 
taken into account in the design of 
the trigger circuit. Because the spe¬ 
cifications of the spark coil are usu¬ 
ally known, the design of an ignition 
circuit is usually begun there; ca¬ 
pacitor size and voltage are de¬ 
termined from these known quanti¬ 
ties. The capacitor chosen determines 
the spark-gap duration and the 
charging time required; the reliabil¬ 
ity of the system is almost directly 
related to the reliability of this com¬ 
ponent. The high peak current which 
flows through the SCR also flows 
through this capacitor, necessitating 
that the capacitor be as carefully 
chosen as the SCR. 

The limit on charging time is 
the dv/dt rating of the SCR. By 
using the capacitor size and the 
dv/dt rating of the SCR, the charg¬ 


ing current required is determined 
by applying the formula I = Cdv/dt. 
This formula can also be used to 
determine the peak current and its 
duration, and the rate of rise of 
current. The rate of rise of the cur¬ 
rent should be checked against the 
limiting circuit value, the di/dt rat¬ 
ing of the SCR. 

Table L—SCR Parameter 
Values of Importance in 


Ignition Circuits 

Idkom 

when Vd = Vcapacltor + 20% 
at a case temperature Tc of 
100°C. 

Ikrdm 

when Vr = 25 volts when 
using a diode as in the cir¬ 
cuit of Fig. 558 


or 

when Vr = Vpeak reverse dUe 

to flywheel effect in the fly¬ 
wheel charged system. In 
both cases, Tc is 100°C. 

Vt 

when I = Ipeak, the value of 
Vt is approximately 2.5 to 
4 volts depending on cur¬ 
rent pulse amplitude, repe- 
tion rate, and case tempera¬ 
ture. 

V gate 

at 12 volts with Ra = 30 
ohms. Vgate and Igate will 
be maximum or minimum 
limits depending on trigger- 
circuit requirements. Higher 
limits help prevent spurious 
firing as a result of noise. 


The SCR parameter values that 
must be specified to assure reliable 
device operation in ignition circuit 
applications are shown in Table L. 

The ignition coil used in the ca¬ 
pacitive-discharge circuit can be a 
specially wound low-inductance unit 
or the existing coil. The existing coil 
has an advantage in that it can be 
used with a breaker-point distribu¬ 
tor to provide the ignition function 
in the event of an electronic fail¬ 
ure. The major disadvantage of the 
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use of the existing coil is that the 
benefits of ignition pulses with sharp 
rise times, the type of pulses needed 
to fire fouled spark plugs, are re¬ 
duced because of the inductance of 
the coil. Because of the ease of ob¬ 
taining a trigger pulse and the cir¬ 
cuit simplicity, the SCR capacitor- 
discharge system is used almost ex¬ 
clusively on small engines. 

Types of Capacitor-Discharge 
Systems 

There are three systems in which 
capacitor-discharge ignition circuits 
can be used to good advantage; the 
flywheel-charged small-engine sys¬ 
tem, the line-charged ignitor used 
with gas-operated appliances such 
as dryers and furnaces, and the in¬ 
verter-charged system such as that 
used in automotive and stationary 
engine systems. All of these systems 
are operated similarly: energy 
stored in a capacitor is transferred 
to a spark gap through a trans¬ 
former and SCR; the SCR assures a 
short-duration spark. 

The circuit of Fig. 560 is typical 


□2 C| 



Fig. 560—Typical circuit configuration for 
a capacitor-discharge ignition system. 


of that used in the three systems. 
The ac potential across transformer 
Ti is rectified by diode D 2 , and 
charges capacitor Ci to the required 
voltage. Resistor Ri limits the cur¬ 
rent and prevents the SCR from fir¬ 
ing as a result of the imposition of 
a dv/dt value in excess of the capa¬ 
bility of the SCR. The combination 
of diodes Di and D 2 prevents the 
charging winding of transformer Ti 


from impressing a high reverse volt¬ 
age across the SCR. Resistor R 2 
damps variations in the input im¬ 
pedance of the SCR. The SCR is 
triggered at the appropriate time, 
and the energy stored in the capaci¬ 
tor is transferred into the primary 
of T 2 , thus causing a spark at the 
spark gap. The voltage required to 
break down the spark gap is a func¬ 
tion of the spacing of the electrodes 
and pressure in the cylinder in the 
vicinity of the gap. The spark in the 
gap lasts until the value of current 
passing through the SCR is below 
its holding current. When the SCR 
stops conducting, Di and D 2 start 
conducting in the reverse direction 
and lengthen spark duration. After 
the SCR turns off, Ci is discharged, 
and the circuit is ready to repeat 
the cycle. 

Flywheel-Charged Systems—Some 
of the simplest ignition systems are 
constructed using the flywheel¬ 
charging method, because this 
method affords a reliable circuit 
with a minimum of active com¬ 
ponents. The system makes use of 
a rotating magnetic field to charge 
the capacitor and to trigger the 
SCR; mechanical position deter¬ 
mines timing. The designer has sev¬ 
eral options in the determination of 
when the charging of the capacitor 
takes place in the flywheel system. 
The most advantageous time occurs 
just before the capacitor is to be 
discharged. However, some voltage 
regulation problems must be consid¬ 
ered. Because V = Nd^/dt where 
d<p and N are constant, the voltage 
produced across the charging wind¬ 
ing varies with RPM. At low fly¬ 
wheel speeds, there may not be 
enough voltage available to produce 
the energy required; at high fly¬ 
wheel speeds, it is possible to have 
too high a voltage and therefore to 
exceed the voltage breakdown rating 
of the SCR and cause premature 
triggering. If the breakdown volt¬ 
age rating of the capacitor is also 
exceeded, the capacitor will be dam¬ 
aged. Therefore, some means of ac- 
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commodating or regulating the volt¬ 
age must be considered. 

The design of the trigger coil is 
also important. It must be capable 
of providing voltages and currents 
high enough to gate the SCR into 
conduction at all temperatures. In 
addition, consideration should be 
given to the fact that the gate pulse 
should end before the current 
through the SCR ceases to flow so 
that the device is not gated during 
the period of reverse voltage. 

As is evident in the above discus¬ 
sion, a major factor in the perform¬ 
ance of the flywheel ignition circuit 
is the design of the magnetic com¬ 
ponents used for the triggering and 
charging functions. A typical ex¬ 
ample of a flywheel-charged ignition 
circuit is shown in Fig. 561. 



Fig. 561 — Flywheel-charged igniter circuit. 


Line-Charged Igniter—The line- 
charged ignition circuit finds great¬ 
est use in heating systems and large 
gas-operated appliances. The line- 
charged igniter has small regula¬ 
tion or charging problems as it uses 
the power lines as its charging 
source. Normally, circuits of this 
type charge at the line voltage that 
produces the lowest-cost circuit. The 
gate trigger pulse is derived by us¬ 
ing a diac and an RC phase-shift 
network such as that shown in Fig. 
562. 

On each positive half-cycle, the 
circuit operates once until the 
flame is burning; the sensor then 
turns on SCRa which prevents SCRi 



Fig. 562 — Line-charged ignition circuit. 


from being triggered and causing 
further sparks. This arrangement 
will cause the igniter to operate 
whenever the flame goes out and 
thus provides a valuable safety fea¬ 
ture. If a bimetallic element were 
used in series with the line to sense 
the flame, SCRa could be eliminated. 
The use of the bimetallic element 
would also contribute to a low 
standby power drain; however, at 
higher energy levels, the bimetallic 
strip method of gating is probably 
only marginally reliable, because the 
gate current produced is not suffi¬ 
cient for the anode-current pulse- 
amplitude required. 

Inverter-Charged Systems—A sys¬ 
tem that eliminates the need for 
flywheel magnetics is the inverter- 
charged system. This system is used 
where a battery is available, such 
as in an automobile. 

There are some practical consid¬ 
erations which limit the use of the 
inverter system. The first limitation 
is starting under low temperature. 
At an ambient temperature of 
—40°C, the available battery voltage 
in a ^^12-volt^’ automotive system 
(12-volts nominal at 25°C) may be 
as low as 6 volts dc because of the 
starter current required at this tem¬ 
perature and the reduced battery 
capability. In addition, at this tem¬ 
perature, the fuel-air mixture is wet, 
particularly in a two-cycle engine. 
For reliable starting, the full spark 
energy must be available immedi¬ 
ately. This means that the inverter 
must be capable of producing the 
full energy at low supply voltages. 
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The voltage step-up ratio of the sys- 
tern transformer is constant and 
therefore cannot be increased as the 
temperature decreases; such an ac¬ 
tion would assure sufficient voltage 
at low temperatures, but would sub¬ 
ject the capacitor and SCR to volt¬ 
ages in excess of their ratings under 
normal conditions and after start¬ 
ing. The problem of starting at low 
temperature may be circumvented 
by regulating the voltage on the ca¬ 
pacitor or by using a transformer 
with a higher step-up ratio than re¬ 
quired and then shutting down or 
removing the inverter, with its trans¬ 
former, from the circuit at a time 
that will prevent any voltages from 
becoming a problem. 

As the maximum RPM of the en¬ 
gine increases, the demands on the 
inverter also increase; this varia¬ 
tion in demand can be alleviated by 
ballasting. When ballasting of the 
ignition is accomplished by means 
of a regulator circuit, external bal¬ 
lasts are not needed. A typical ex¬ 
ample of an inverter-type ignition 
system with regulator ballasting is 
shown in Fig. 563. The trigger cir- 



Fig. 563—Block diagram of an inverter- 
charged ignition system. 

cuit shown in the figure is subject 
to the same variations in potential 
as the inverter circuit in addition 
to others arising from the need to 
gate the SCR with a high-current 
at low temperature when the avail¬ 
able voltage is low. This gating 
problem can only be solved by a 
compromise between overdriving of 


the gate at high temperature and 
maintaining only an adequate drive 
at low temperatures; there are many 
circuits that can be used to achieve 
this compromise. 

The inverter must be capable of 
handling a power level, typically be¬ 
tween 20 and 50 watts, representing 
an energy level of 80 millijoules per 
pulse, for a 4-cycle, 8-cylinder en¬ 
gine. The inverter circuit should op¬ 
erate at a frequency high enough 
to make use of smaller transformer- 
core sizes and yet be able to incor¬ 
porate low-cost power devices. The 
RCA line of hometaxial power tran¬ 
sistors is generally very reliable and 
economical in inverter ignition sys¬ 
tems. 


Capacitive-Discharge 
Automotive Ignition System 

Fig. 564 shows the circuit diagram 
for a low-cost transistor/SCR ca¬ 
pacitor-discharge ignition system for 
passenger automobiles. This system 
offers the advantages of reduced 
maintenance, smaller current drain 
on the automobile battery, full out¬ 
put voltage at low battery voltage 
(down to 4 volts), and a high-volt¬ 
age output pulse that has a rapid 
rate of rise. As pointed out pre¬ 
viously, this latter factor provides 
greater assurance of the firing of 
fouled spark plugs. 

The SCR ignition system is essen¬ 
tially a combination of eight basic 
circuit units, as follows: (1) a sin¬ 
gle-ended, self-oscillating swinging- 
choke inverter is used to provide the 
dc-to-ac inversion and the step-up 
of the battery voltage. (2) An out¬ 
put circuit that includes an SCR, a 
storage capacitor, an ignition coil 
(a standard automotive ignition coil 
is used), and a commutating diode 
develops the fast-rising high-voltage 
pulse for the spark plugs. (3) The 
commutating diode and a single rec¬ 
tifying diode form a capacitor¬ 
charging circuit to transfer energy 
from the inverter to the output-cir¬ 
cuit storage capacitor. (4) A regu- 
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IGNITION 

RUN 



Cl = 0.25 nF, 200 V 
C2 = 1 fiF, 400 V 
Ca = UF, 25 V 
Cl = 0.25 fiF, 25 V 
F = 5 A 

Li = 10 fiH; 100 turns of 
No. 28 wire wound on a 
2-W resistor (100 ohms or 
more) 

Ri = 1000 ohms 
Ra = 50 ohms, 5 W 
Ra = 22000 ohms 
Ri = 1000 ohms 
Rs = 10000 ohms 
Rg = 15000 ohms 
R? = 8200 ohms 
Rs = 0.39 megohm 
Ra = 220 ohms, 1 W 
Rio = 1000 ohms 


Rii = 68 ohms 
Ri 2 = 4700 ohms 
Ri 3 = 27000 ohms 
Ti = Transformer, wound 
as follows: A Vz in. bob¬ 
bin and an El stack of 
grainroriented silicon 
steel are used; first, 150 
turns of No. 28 wire are 
wound and labeled start 
1 and finish 1 on the 
winding; second, 50 turns 
of No. 24 and No. 30 wires 
are wound bifilar and 
labeled start 2 and finish 
2; third, 150 turns of No. 
28 wire are wound and 
labeled start 3 and finish 
3. All windings are 


wound in the same di¬ 
rection. A total air gap 
of 70 mils (35 mil spacer) 
is used. Connections are 
made as shown in Fig. 
565. 


All the resistors are Vz W 
unless otherwise indi¬ 
cated. 


^ These components are 
subject to excessive tem¬ 
perature rise unless pro¬ 
vision is made to transfer 
the heat to the ambient 
air by means of an ap¬ 
propriate heat sink. 


Fig. 564—An SCR capacitor-discharge automobile ignition circuit. 
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Fig. 565—Details of inverter transformer 
(Ti) shown in Fig. 564. 

lator stage controls the frequency of 
the inverter stage to provide efficient 
regulation of the voltage across the 
storage capacitor. (5) A protection 
circuit (limiting inductance and re¬ 
sistance) prevents damage to the 
system by transients that may be 
developed in the case of an open or 
shorted ignition coil or because of 
high-voltage arcing to either pri¬ 
mary terminal of the ignition coil. 
(6) A shut-down circuit holds the 
inverter inoperative when the igni¬ 
tion breaker points are open. (7) A 
trigger circuit suppresses the nor¬ 
mal bounce of the breaker points 
and also prevents SCR triggering 
by the residual voltage across the 
closed points. (8) A method of SCR 
commutation is- used that involves 
the interplay of several parts of the 
over-all system. 

Inverter, Regulator, and Capaci¬ 
tor-Charging Circuit—The inverter 
uses a 2N3055 transistor (Qi) in a 
single-ended output stage, a 2N3053 
transistor (Q 2 ) in an emitter-fol¬ 
lower driver stage, and a 2N2102 
transistor (Qs) in a control stage 
that is part of the shutdown circuit 
which holds the inverter inoperative 
when the ignition breaker points are 
open. Regenerative feedback is 
coupled from the feedback winding 
of the inverter output transformer 
Ti back to the bases of the driver 
and output transistors. The high 
gain provided by the combination 
of transistors Qi and Qs assures os¬ 
cillation and low drive-power re¬ 
quirements for the inverter. The 


starting resistor Rs provides a for¬ 
ward bias that drives transistors Qi 
and Q 2 into conduction to initiate 
oscillation in the inverter. The re¬ 
generative action of the circuit very 
quickly drives the output transistor 
Qi into conduction, and essentially 
the full battery voltage is then ap¬ 
plied across the primary of the in¬ 
verter transformer Ti. The resultant 
current increase in the transformer 
primary winding induces a voltage 
across the feedback winding that 
supplies sufficient current through 
resistors Ri and R 4 and diode Di to 
maintain the output transistor Qi 
in saturation. During this part of 
the operating cycle (i.e., during the 
conduction of transistor Qi, the volt¬ 
age across the secondary winding of 
transformer Ti reverse-biases the 
rectifying diode D 2 in the capacitor¬ 
charging circuit, and no energy is 
transferred to the output circuit of 
the ignition system. 

With transistor Qi operating with 
fixed base current (in saturation), 
its collector current rises to a value 
beyond which it cannot increase. As 
a result, the feedback voltage is de¬ 
creased, and no longer maintains 
base drive to transistor Qi, and the 
transistor starts to turn off. The re¬ 
generative action of the inverter 
circuit causes a rapid reversal of 
the base drive for transistors Qi and 
Q 2 . These transistors, therefore, are 
quickly cut off, and a “flyback” volt¬ 
age pulse is generated at the collec¬ 
tor of the output transistor Qi. 
Diode Ds blocks the reverse voltage 
and limits the reverse base drive. 
The reverse-bias current that turns 
off transistors Qi and Q 2 is applied 
through resistors Rs and Ri respec¬ 
tively. The flyback-pulse voltage is 
stepped up across the secondary of 
transformer Ti. The polarity of this 
pulse, however, is such that the rec¬ 
tifying diode D 2 becomes forward- 
biased. As a result, the energy pre¬ 
viously stored in the primary wind¬ 
ing of transformer Ti is transferred 
through the secondary winding, rec¬ 
tifying diode D 2 , and commutating 
diode Ds to charge the output-circuit 
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storage capacitor C 2 . The capacitor 
Cl connected across transistor Qi re¬ 
duces the amplitude of the leakage- 
inductance pulse and restricts the 
rate of rise of the collector voltage 
of transistor Qi. The charging cur¬ 
rent for capacitor C 2 is shunted 
around the ignition coil by the com¬ 
mutating diode Da so that no energy 
is transferred into the ignition coil 
and from there to the spark plugs. 

When the collector voltage of 
transistor Qi decreases to a value 
less than the battery voltage, it 
again begins to conduct, and the 
cycle is repeated to charge the stor¬ 
age capacitor C 2 to a higher voltage. 
Until the voltage across the storage 
capacitor rises above a predeter¬ 
mined value, the voltage applied to 
the zener diode Di from the voltage 
divider formed by resistors Re and 
Rs is insufficient to cause the zener 
diode to conduct. If the ignition 
breaker points are closed during 
this time, resistor R 7 is returned to 
ground and transistor Q 3 cannot 
conduct. When the capacitor voltage 
rises to a level high enough to cause 
zener diode D 4 to conduct, transistor 
Q 3 turns on and shunts base drive 
current from transistor Q 2 . This ef¬ 
fect reduces the base drive of tran¬ 
sistor Qi and causes this transistor 
to pull out of saturation at a lower 
collector-current level which, in turn, 
increases the frequency of oscilla¬ 
tion. The cutback in peak primary 
current reduces the charging rate 
of the storage capacitor C 2 to the 
level required to replenish circuit 
losses and prevents further rise in 
the output voltage. 

Transistor Q 3 also holds the in¬ 
verter inoperative when the ignition 
breaker points are open. When these 
points open, the current fed from 
the voltage at the breaker points 
through resistor R 7 causes transistor 
Q 3 to conduct heavily. This effect 
shorts the base of transistor Q 2 and 
stops the oscillation. 

Fig. 566 shows that the collector 
voltage of transistor Qi swings al¬ 
ternately between the saturation 
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Fig. 566—Collector voltage of the inver¬ 
ter output transistor Qi (top) and ignition- 
coil primary voltage (bottom) as functions 
of time (2000 rpm; Vqc — F). 


level and the peaks of flyback pulses 
of increasing amplitude. The change 
in frequency that results from regu¬ 
lator action is apparent in the volt¬ 
age waveform. The collector voltage 
then decreases to the supply volt¬ 
age when the ignition breaker points 
open and shut down the inverter. 
Fig. 567 shows an expanded view 
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Fig. 567—Expanded collector voltage (top) 
and current (bottom) of the inverter output 
transistor (Qi) as functions of time during 
turn off when the storage capacitor fCJ is 
being charged (V^c — 12 V). 


of the turn-off and flyback charac¬ 
teristics of transistor Qi at a point 
when the storage capacitor is being 
charged. 

Output Circuit—When a high- 
voltage pulse is required, the RCA- 
S2620D SCR in the output circuit 
is gated on. As a result, the anode 
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voltage of the SCR decreases to ap¬ 
proximately zero, and the voltage 
across the charged storage capacitor 
is applied to the primary of the ig¬ 
nition coil. (The value of the induct¬ 
ance Li is negligible in comparison 
to the inductance of the ignition coil 
and is not considered in this analy¬ 
sis.) The ungrounded ( + ) side of 
the ignition-coil primary (terminal 
3 on the connecting plug) is driven 
negative with respect to the capaci¬ 
tor potential. Diode Ds, in parallel 
with the coil, is reverse-biased at 
this time. The discharge of the ca¬ 
pacitor into the primary of the igni¬ 
tion coil generates a high-voltage 
pulse across the secondary. 

The capacitor discharges into the 
primary inductance of the ignition 
coil and builds up the primary cur¬ 
rent in the coil. When the voltage 
across the capacitor (and coil pri¬ 
mary) decreases to zero and starts 
to reverse, the commutating diode 
Ds becomes forward-biased and be¬ 
gins to conduct. The current through 
the primary of the ignition coil is 
at a peak at the time the diode be¬ 
gins to conduct. The current then 
suddenly switches out of the SCR 
and into the diode. The primary-coil 
voltage remains clamped at zero, 
and the primary current decays at 
a rate determined by the L/R ratio 
of the coil. Because of the clamping 
action of the commutating diode Da, 
the duration of the spark in the 
spark plug is lengthened. 

When the SCR is on, it effectively 
places a short across the secondary 
of the inverter transformer. How¬ 
ever, the inverter is off when the 
SCR is on (because of the shut¬ 
down circuitry) ; the inverter, there¬ 
fore, does not operate into the short. 

Figs. 568 and 569 show the SCR 
voltage and current as a function of 
time. The starting point of the 
waveform shown in Fig. 568 occurs 
at the instant the ignition points 
open. The anode voltage of the SCR 
decreases to zero and the anode cur¬ 
rent builds up to the peak value in 
a quarter cycle. The current is then 
switched out of the SCR, and SCR 
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Fig. 568—SCR voltage (top) and current 
(bottom) as a function of time (2000 rpm; 

Vcc = 12 V). 

current decreases suddenly almost 
to zero. The small residual current 
is a result of the energy stored in 
the inverter transformer during the 
period that the inverter is inopera¬ 
tive. This stored energy causes a 
current to circulate from the second¬ 
ary of the transformer through the 
SCR. When the ignition points close 
and the capacitor recharges, the SCR 
blocks the voltage on the capacitor. 



I I i I I 1 I 1 rnrr 

0 12 3 4 5 


TIME—ms 

92CS-2I8I6 

Fig. 569—SCR voltage (top) and current 
(bottom) as a function of time (oscilloscope 
sweep triggered at instant ignition breaker 
points are closing; 4000 rpm; Vcc — 12 F). 


The starting point for the wave¬ 
form shown in Fig. 569 occurs at 
the instant that the ignition points 
close. The period between the instant 
at which the points close and that at 
which the voltage first begins to 
rise is the time during which the 
collector current of transistor Qi 
builds up to the switching level. The 
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significance of this time is explained 
subsequently during the discussion 
on commutation of the SCR. 

Fig. 570 shows the waveforms 
for voltage and current in the pri¬ 
mary of the ignition coil that result 
when a 7-millihenry inductor is used 
to simulate the primary of the igni¬ 
tion coil. The primary voltage in¬ 
creases rapidly to a peak negative 
value, then decays sinusoidally to 
zero as the current builds to a peak. 
The primary voltage is then clamped 
at zero, and the current decays ex¬ 
ponentially. 
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Fig. 570—Primary voltage (top) and cur¬ 
rent (bottom) as a function of time (7-mH 
coil used in place of standard ignition coil; 
2000 rpm; Vcc = 12 V). 


It should be noted that an actual 
ignition coil, operated with the sec¬ 
ondary open, will reflect a tuned cir¬ 
cuit into the primary. This operation 
causes a ringing on top of the wave¬ 
forms. The anode voltage of the 
SCR may actually reverse for a 
short time because of this ringing. 
The SCR essentially blocks this re¬ 
verse voltage except for a small cur¬ 
rent that flows because of the pres¬ 
ence of positive gate signal. As a 
result, some instantaneous dissipa¬ 
tion occurs in the reverse-blocking 
function of the SCR. The SCR can 
safely withstand this dissipation for 
the short period of time required. 
The gate signal is kept positive 
through the ringing cycle so that 
the SCR continues to conduct when 
the anode voltage rings back posi¬ 
tive. This ringing does not occur 


when the secondary voltage fires a 
plug because the ionized plug shorts 
the secondary winding. 

Protection Circuit—Inductance Li 
is used to protect the system against 
a shorted primary in the ignition 
coil. The limiting inductance con¬ 
trols the rate of change of current 
(di/dt) and peak current that oc¬ 
curs when the SCR is turned on 
with a short across the primary of 
the ignition coil. Resistance Ris is 
used to assure that the voltage 
across the primary of the ignition 
coil is not negative when the coil is 
open. If this voltage were not 
clamped, the regulator would not op¬ 
erate properly, and the peak collec¬ 
tor voltage of transistor Qi would 
exceed the limits specified for the 
device. 

Trigger Circuit—The triggering 
circuit performs the following func¬ 
tions: ( 1 ) triggers and holds the 
SCR on when the ignition points 
open (at battery voltage down to 4 
volts), ( 2 ) applies a signal back 
into the inverter shutdown circuitry 
when the ignition points are open, 

(3) suppresses the inverter signal 
that rides on the power supply so 
that it does not trigger the SCR, 

(4) prevents the residual voltage 
across the closed points from trig¬ 
gering the SCR, (5) prevents normal 
point bounce that occurs when the 
points close, and ( 6 ) maintains 
proper operation whether or not the 
capacitor is present across the 
breaker points. The 2N2102 transis¬ 
tor Qi is used to perform these 
functions. 

The trigger current for the gate 
of the SCR is initiated when the 
base voltage of transistor Qi reaches 
approximately 0.6 volt above the 
emitter voltage. The trigger cur¬ 
rent flows from the supply through 
resistor Rn, transistor Q^, and ca¬ 
pacitor C 3 to the gate of the SCR. 

When the ignition points open, 
capacitor Ci (and the capacitor 
across the points) charges because 
of the current through resistor Ra. 
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If the points are open long enough 
(without bouncing), the voltage 
across capacitor C 4 becomes high 
enough to turn on transistor Q 4 . The 
voltage required to turn on transis¬ 
tor Qt is the sum of the gate-cathode 
voltage of transistor Q 5 , the voltage 
across capacitor Cs, the emitter-base 
voltage of transistor Q 4 , and the volt¬ 
age drop across resistor Rio. (Resis¬ 
tor Rio ensures that the voltage 
across the open ignition points rises 
to a value high enough to supply 
sufficient current through resistor 
R 7 to shut down the inverter.) At 
normal engine speeds, the average 
voltage level across capacitor C 3 
keeps both the gate-cathode junction 
of the SCR and the emitter-base 
junction of the transistor reverse- 
biased until capacitor C 4 charges 
high enough to turn on transistor 
Q 4 . Because transistor Q 4 is off and 
the gate of the SCR is reverse- 
biased when the points are closed, 
the desired suppression of inverter 
signal and residual point voltage is 
achieved. 

If the points bounce during normal 
operation, they discharge C 4 (and 
the distributor capacitor) almost in¬ 
stantly each time they close. Thus, 
each time they bounce open, these 
capacitors must recharge from zero 
toward the triggering level. With 
normal bouncing, the points do not 
stay open long enough for the trig¬ 
gering level to be reached, so the 
SCR is not triggered. If severe 
bouncing occurs at very high speeds, 
the points can stay open long 
enough to cause triggering of the 
SCR. 

Better filtering is achieved when 
the automobile distributor capacitor 
is retained, but satisfactory opera¬ 
tion is achieved without this ca¬ 
pacitor. With the capacitor left in 
the distributor, it is possible to 
switch back to standard ignition by 
switching the plug shown in Fig. 564. 

Commutating the SCR—All the 
parts of the system work together 
in such a manner as to cause the 


SCR current to go to zero for a 
sufficient length of time to cause 
commutation (turn off). As ex¬ 
plained earlier, the current through 
the primary of the ignition coil is 
switched from the SCR and into 
the commutating diode when the pri¬ 
mary voltage decreases to zero. 
From that time on, the diode keeps 
the coil current clamped out of the 
SCR. The SCR then conducts only 
the small current that results from 
the energy stored in the inverter 
transformer. When the points close 
again, the inverter restarts and, as 
explained previously, the rectifying 
diode D 2 is reverse-biased during the 
time the collector current of transis¬ 
tor Qi builds back up to the switch¬ 
ing level. No current then flows in 
the SCR, and the SCR is allowed to 
turn off. Fig. 568 shows that the 
current is zero for about 2.5 milli¬ 
seconds before anode voltage is re¬ 
applied at a rate of 0.15 volt per 
microsecond, A worst-case SCR 
commutates in less than 100 micro¬ 
seconds at a temperature of 100 °C 
under these operating conditions. 

Performance—Fig. 571 shows sev¬ 
eral performance curves for the SCR 
capacitor-discharge ignition system. 
Fig. 572 shows the open-circuit out¬ 
put voltage as a function of time, 
and Fig. 573 shows the output volt¬ 
age when the load on the secondary 
consists of a 1 -megohm resistor in 
parallel with a 50-picofarad capa¬ 
citor. 

Figs. 574 and 575 show the sec¬ 
ondary voltage under sparking con¬ 
ditions. Arc duration, as shown in 
Fig. 574, is 600 microseconds (single 
polarity) under wide-gap conditions. 
The narrower-gap conditions shown 
in Fig. 575 result in an arc dura¬ 
tion of 200 microseconds. 

Mounting Considerations—T h e 
SCR ignition circuit must be pro¬ 
tected from moisture. Heat-generat¬ 
ing components, however, should not 
be enclosed in non-circulating at¬ 
mosphere. Still air has a thermal- 
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(a) Output voltage as a function" of engine 
rpm at 12 volts for both an open secondary 
and a fouled-plug load. 
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Fig, 572 — Open-circuit output voltage 
(standard ignition coil, Delco D511 or 
equivalent; 2000 rpm; Vcc = V)- 
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(b) Output voltage as a function of battery 
voltage at cranking speeds for both an open 
secondary and a fouled-plug load. 
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(c) Regulation curve showing peak capaci¬ 
tor (and SCR) voltage as a function of 
battery voltage. 
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(d) Battery drain as a function of engine 
rpm at a battery voltage of 12 volts. 


Fig, 571—Performance of the capacitor- 
discharge ignition circuit. 


resistance 12,000 times that of 
copper, and generation of heat in 
this high thermal resistance could 
cause the inside ambient tempera¬ 
ture to rise about the specified 
limits. All components subject to 
high temperature rise (marked in 
Fig. 564 with a small circle) should 
be thermally connected to a low- 



Fig, 573—Output voltage with fouled 
spark plugs (standard ignition coil, Delco 
D511 or equivalent; 50-pF load in parallel 
with 1-megohm resistance; 2000 rpm; 
Vac = 12 V). 
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Fig, 574—Output voltage showing dura¬ 
tion of spark arc (standard ignition coil, 
Delco D511 or equivalent; 2000 rpm; 
Vao = 12 V). 
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Fig. 575—Output voltage with spark gap shortened (standard ignition coil, Delco D511 
or equivalent: 2000 rpm; Vcc — V)- 


thermal-resistance path to the out¬ 
side environment. For example, the 
SCR may be mounted to an alumi¬ 
num plate on a mica insulating 
washer. This plate should then be 
fastened to the inside of the chassis 


wall that provides the thermal path 
to the outside environment. The re¬ 
sistors and diodes which require a 
heat sink should be attached to the 
chassis with a thermally conductive 
epoxy. 
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'T’HE use of thyristors is becom- 
ing increasingly important for 
power-control applications ranging 
from low voltages to more than 
1000 volts at current levels from 
less than half an ampere to more 
than 1000 amperes. When power con¬ 
trol involves conversion of ac volt¬ 
ages and/or currents to dc and con¬ 
trol of their magnitude, SCR’s are 
used because of their inherent rec¬ 
tifying properties. SCR^s are also 
used in dc switching applications, 
such as pulse modulators and invert¬ 
ers, because the currents in the 
switching device are unidirectional. 
In addition, SCR’s are generally 
used whenever the desired function 
can be accomplished adequately by 
this type of device because of the 
economics involved. 

A triac provides symmetrical bi¬ 
directional electrical characteristics. 
Triacs have been developed spe¬ 
cifically for control of ac power, and 
are used primarily for control of 
power to a load from ac power lines. 

FUNDAMENTALS OF 
THYRISTOR POWER CONTROL 

Thyristors are excellent devices 
for use in the control of ac power. 
In general, thyristors initially as¬ 
sume a blocking, or high-impedance 
state, and remain in that state until 
triggered to the on or low-impedance 
state. Once triggered, the thyristor 
remains on until the current is re¬ 
duced to zero. The thyristor then re¬ 
turns to its blocking state. Because 
the current decreases to zero during 
every half-cycle in an ac supply. 


turn-off is guaranteed every half¬ 
cycle. All that is necessary for ac 
power control, therefore, is a trigger 
circuit to control thyristor turn-on 
so that whole or partial cycles may 
be switched to the load. 

In many power-control applica¬ 
tions of thyristors, partial cycles of 
the applied ac voltage are switched 
to the load. Because the power de¬ 
livered to the load is controlled by 
variation of the phase angle at which 
the thyristor switching initiates cur¬ 
rent flow, this type of operation is 
usually referred to as phase control. 

Power to an ac load may be con¬ 
trolled by switching of complete 
half-cycles or integral numbers of 
whole cycles of the ac power to the 
load. This type of control is usually 
referred to as integral-cycle or zero- 
voltage-switching control. 


Phase Control 

The electrical angle of the applied 
ac voltage waveform at which thy¬ 
ristor current is initiated is termed 
the firing angle (^f). It is usually 
more important, however, to know 
and to refer to the conduction angle 
{Oc), which is the number of elec¬ 
trical degrees of the applied ac volt¬ 
age waveform during which the thy¬ 
ristor is in conduction. The conduc¬ 
tion angle is equal to 180° — Of for 
a half-wave circuit and 2(180° — ^f) 
for a full-wave circuit. The voltage 
waveforms across the thyristor and 
the load for each type of circuit are 
illustrated in Pig. 576. 
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Fig. 576—Voltage waveforms showing 
conduction angle for half-wave operation 
(SCR) and full-wave operation (Mac) of 
thyristor phase-control circuits. 


Basic Current Relationships—In 
the design of thyristor power-control 
circuits, it is often necessary to de¬ 
termine the specific values of peak, 
average, and rms current that flow 
through the thyristors. For conven¬ 
tional rectifiers, these values are 
readily determined by use of the 
current ratios shown in Table VII, 
given in the section on Silicon Rec¬ 
tifiers. For thyristors, however, the 
calculations are more difficult be¬ 
cause the current ratios become 
functions of the conduction angle 
and the firing angle of the device. 

The curves in Figs. 577, 578, and 
579 show several current ratios as 
functions of conduction or firing 
angles for three basic SCR circuits. 
These curves can be used in a num¬ 
ber of ways to calculate desired cur¬ 
rent values. For example, they can 
be used to determine the peak or 
rms current in an SCR when a cer¬ 


tain average current is to be de¬ 
livered to a load during a specific 
part of the conduction period. It is 
also possible to work backwards and 
determine the necessary period of 
conduction if, for example, a speci¬ 
fied peak-to-average current ratio 
must be maintained in a particular 
application. Another use of the 
curves in Figs. 577, 578, and 579 is 
in the calculation of the rms current 
at various conduction angles when 
it is necessary to determine the 
power delivered to a load, or power 
losses in transformers, motors, leads, 
or bus bars. Although the curves are 
presented in terms of device cur¬ 
rent, they are equally useful for the 
calculation of load current and volt¬ 
age ratios. 
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Fig. 577—Ratio of SCR current as a 
function of conduction and firing angles 
for single-phase half-wave conduction into 
a resistive load. 


The curves provide ratios that re¬ 
late average current lavg, rms cur¬ 
rent I rms, peak current Ipk, and ref¬ 
erence current lo. The reference cur¬ 
rent is a circuit constant and is equal 
to the peak source voltage Vpk di¬ 
vided by the load resistance Rl. The 
term Ipk refers to the peak current 
that flows through the SCR during 
its period of forward conduction. 
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Fig. 578—Ratio of thyristor current as a 
function of conduction and firing angles 
for single-phase full-wave conduction into 
a resistive load. 
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Fig. 579—Ratio of SCR current as a 
function of conduction and firing angles 
for three-phase half-wave circuit having a 
resistive load. 


lo is the maximum possible peak- 
current value during the peak of the 
sine wave. For conduction angles 
greater than 90 degrees, Ipk is equal 
to lo; for conduction angles smaller 
than 90 degrees, Ipk is smaller than 

lo. 


The general procedure for the use 
of the curves is as follows; 

(1) Identify the unknown or de¬ 
sired parameter. 

(2) Determine the values of the 
parameters fixed by the circuit spe¬ 
cifications. 

(3) Use the appropriate curve to 
find the unknown quantity as a 
function of two of the fixed parame¬ 
ters. 

Example No. 1; In the single¬ 
phase half-wave circuit shown in 
Fig. 580, a 2N685 SCR is used to 


TYPE 

2N685 



T=0i0‘* <9<9f) 

I=IoSin 9 {9f<9<\SO^) 



Ipk=Io { 0 > 9 f> 90 o) 
Ipk=IoSin^f (90®<Of<l80®) 


92CS-2I385 

Fig. 580 — Single-phase half-wave circuit 
that operates into a resistive load and the 
respective equation for SCR current. 


control power from a sinusoidal 120- 
volt-rms (170-volt-peak) ac source 
into a 2.8-ohm load. This application 
requires a load current that can be 
varied from 2 to 25 amperes rms. It 
is necessary to determine the range 
of conduction angles required to ob¬ 
tain this range of load current. 

First, the reference current lo is 
calculated as follows; 

lo =: — 61 ampores 

Rl 2.8 

The ratio of Lms to lo for the 
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minimum and maximum load-current 
values is then calculated as follows: 

(Irms/Io)mln = 2/61 = 0.033 

(Irms/Io)max = 25/61 = 0.41 

These current-ratio values are 
then applied to curve 3 of Fig. 579 
to determine the corresponding con¬ 
duction angles: 

0c(min) = 15 degrees 
0c(max) = 106 degrees 


Example No. 2: In the single¬ 
phase full-wave bridge circuit (two 
legs controlled) shown in Fig. 581, 



Ipk=Io{0«<5f<90‘») 

Ipk = IoSin 9f {SO^<9f<iaO^) 


92CS-2I392 

Fig. 581 — Single-phase full-wave bridge 
circuit that operates into a resistive load 
and the respective equations for SCR 
current. 

a constant average load current of 
7 amperes is to be maintained while 
the load resistance varies from 0.2 
to 4 ohms. In this case, it is neces¬ 
sary to determine the variation re¬ 
quired in the conduction angle. The 
average current through the SCR is 
one-half the load current, or 3.5 am¬ 
peres. The applicable current ratios 
for this circuit are shown in Fig. 
577 (the individual device currents 
are half-wave although the load cur¬ 
rent is full-wave). 


Again, the first quantity to be cal¬ 
culated is the reference current lo. 
Because the reference current varies 
with the load resistance, the maxi¬ 
mum and minimum values are de¬ 
termined as follows: 

lo(inax) “ Vpk/RL(mln) — 45/0.2 
225 amperes 

lo(min) — Vpk/RL(max) — 45/4 
= 11.2 amperes 

The corresponding ratios of lavg 
to lo are then calculated, as follows: 

(WIo) min = 3.5/225 = 0.015 

(Wlo)max = 3.5/11.2 = 0.312 

Finally, these ratios are applied to 
curve 2 of Fig. 577 to determine the 
desired conduction values: 

0c<min) = 25 degrees 

0c(max) = 165 degrees 

Example No. 3: In the three- 
phase half-wave circuit shown in 
Fig. 582, the firing angle is varied 
continuously from 30 to 155 degrees. 
In this case, it is necessary to de¬ 
termine the resultant variation in 
the attainable load power. Refer¬ 
ence current for this circuit is de¬ 
termined as follows: 

lo = Vpk/RL = 85/3 = 28 amperes 

Rectifier current ratios are de¬ 
termined from Fig. 579 for the ex¬ 
tremes of the firing range, as fol¬ 
lows: 

0P = 30 degrees; Irms/L = 0.49 

0p = 155 degrees; Irms/Io = 0.06 

These ratios, together with the 
reference current, are then used to 
determine the range of rms current 
in the rectifiers, as follows: 

Irms(max) — 0.49 X 28 = 13.7 amperes 

Irms(min) = 0.06 X 28 = 1.7 amperes 

In this circuit, the rms current in 
the load is equal to the rms rectifier 
current multiplied by the square 
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LOAD VOLTAGE = 85 VOLTS PEAK 

DEVICE VOLTAGE = 85 VOLTS PEAK FORWARD 

DEVICE V0LTAGE=I49 VOLTS PEAK REVERSE 


I = Io sin 0 (3O®<0<I8O®) 

^0f+l2O 

= (3O«<0f<6O®) 

Iavg = l/2T^^ Id^ (60° <0f <I80®) 

(3O°<0f<6O°) 

L J 

[ 1 

l/2y^ ° J 

Ipk=Io (3O°<0f<9O°) 

Ipk=Io sin di (9O°<0f<l8O°) 
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Fig. 582 — Three-phase half-wave circuit that uses a resistive load and the respective 

equation for SCR current. 


root of three; as a result, the desired 
power range of the load is as fol¬ 
lows: 

Pmax tlrms(niax) V3 ]"Rl 

= 1700 watts 

Pmln = [Irms(min) \/3]^ Rl 

= 26 watts 

Basic Circuit Configurations—The 
simplest form of phase-controlled 
thyristor circuit is the half-wave 
power control as shown in Fig. 583. 


Rl Rl 



92CS-26289 

Fig. 583—Degree of control over conduc¬ 
tion angles when ac resistive network is 
used to trigger (a) SCR's and (b) Macs. 

This circuit provides a simple, non- 
regulating half-wave power control 
that begins at the 90-degree conduc¬ 
tion (peak-voltage) point and may 
be adjusted to within a few degrees 
of full conduction (180-degree half¬ 
cycle) . 


The half-wave proportional control 
shown in Fig. 584 is a non-regulating 
circuit whose function depends upon 
an RC delay network for gate phase- 
lag control. This circuit is better than 
simple resistance firing circuits be¬ 
cause the phase-shifting character¬ 
istics of the RC network permit the 
firing of the SCR beyond the peak of 
the impressed voltage, resulting in 
small conduction angles. On the posi¬ 
tive half-cycle of the applied voltage, 
capacitor C is charged through the 
network Ra and Rb. When the voltage 
across capacitor C exceeds the gate¬ 
firing voltage of the SCR, the SCR is 
turned on; during the remaining por¬ 
tion of the half-cycle, ac power is 
applied to the load. 

The delay in firing the SCR de¬ 
pends upon the time-constant net¬ 
work (Ra, Rb, C) which produces a 
gate-firing voltage that is shifted in 
phase with respect to the supply 
voltage. The amount of phase shift 
is adjusted by Rb. With maximum 
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Fig. 584—SCR half-wave proportional 
power control circuit. 
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resistance in the circuit, the RC time 
constant is longest. This condition 
results in a large phase shift with a 
correspondingly small conduction 
angle. With minimum resistance, the 
phase shift is small, and essentially 
the full line voltage is applied to 
the load. 

The control circuit uses the break¬ 
down voltage of a diac as a 
threshold setting for firing the 
SCR. The diac is specifically de¬ 
signed for handling the high-cur¬ 
rent pulses required to trigger SCR^s. 
When the voltage across capacitor C 
reaches the breakdown voltage of the 
diac, it fires and C discharges 
through the diac to its maintaining 
voltage. At this point, the diac 
again reverts to its high-impedance 
state. The discharge of the capaci¬ 
tor from breakdown to maintaining 
voltage of the diac provides a cur¬ 
rent pulse of sufficient magnitude 
to fire the SCR. Once the SCR has 
fired, the voltage across the phase- 
shift network reduces to the for¬ 
ward voltage drop of the SCR for 
the remainder of the half-cycle. 

Two SCR’s are usually required 
to provide full-wave power control. 
Because of the bidirectional switch¬ 
ing characteristics of triacs, how¬ 
ever, only one of these devices is 
needed to provide the same type of 
control. Fig, 585 shows three full- 
wave power controls that employ 
thyristors. 

In circuits of this type, a rapidly 
rising off-state voltage can occur 
across the thyristor when the de¬ 
vice changes from a conducting 
state to a blocking state (commu¬ 
tates). The influence of this dv/dt 
stress on the operation of the power- 
control element is described below. 
Consideration is given only to those 
circuit applications that utilize a 
triac as the main power-control 
element. 

The dv/dt stress in a circuit with 
a resistive load (such as those just 
described) can be illustrated by con¬ 
sideration of a circuit with a 6- 
ampere load that has a power 
factor close to unity. The load re¬ 


sistance in this circuit is 20 ohms 
for a source voltage of 120 volts. If 
the total circuit inductance is as¬ 
sumed to be 500 microhenries and 
the total triac and stray capacitance 
is 500 picofarads, the circuit factor 
for the conducting state is 0.99996, 
lagging. Thus, the load current lags 
the line voltage by the small phase 
delay of approximately 25 micro¬ 
seconds. At the time that the triac 
commutates current, the line voltage 
is 1.6 volts. At this time, a transient 
damped oscillation occurs as a re¬ 
sult of the interaction of the triac 
junction capacitance and the circuit 
inductance. For the circuit parameter 
values given (R = 20 ohms, L =: 
500 microhenries, and C = 500 pico¬ 
farads), the frequency of oscillation 
is 3.2 X 10^’ Hz. Calculation of the 




Fig. 585 — Full-wave thyristor motor control 
circuits using (a) bridge rectifier and a 
single SCR; (b) inverse parallel SCR*s; 
(c) a triac. 
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maximum dv/dt stress across the 
triac yields a value of 1.97 volts per 
microsecond. The voltage at the time 
of commutation is then 1.6 volts, 
and the maximum commutating 
dv/dt becomes 3.15 volts per micro¬ 
second. 

Thus, it can be seen that a definite 
dv/dt stress is imposed on the triac 
even when the load is primarily re¬ 
sistive. Because all resistive circuit 
configurations have some small in¬ 
ductance associated with them, a 
commutating dv/dt stress is pro¬ 
duced in all resistive circuits. Fig. 
586 shows a commutating dv/dt 
waveshape for a resistive load of 6 
amperes in a 120-volt triac control 
circuit. 


> 



Fig. 586—Triac principal voltage during 
commutation of a resistive load. 


The use of triacs for full-wave 
ac power control results in either 
fixed or adjustable power to the load. 
Fixed load power is achieved by use 
of the triac as a static on-off switch 
which applies effectively all of the 
available line voltage to the load, or 
by use of the triac in a fixed-phase 
firing mode which applies only the 
desired portion of the line voltage 
to the load. The latter method of 
operation is but one point of an in¬ 
finite number of available points 
which can be attained by variable- 
phase firing operation. 

Fig. 587 shows the current and 
voltage waveshapes produced when 
a triac is used to control ac power 
to a highly inductive load for on-off 
triac operation; Fig. 588 illustrates 
the waveshapes for phase-control 
operation. Because the load is highly 



Fig. 587—Principal voltage and current 
for static-switch triac operation with an 
inductive load. 


inductive (wL>>R), the load cur¬ 
rent lags the line voltage by some 
phase angle 6 . When the current 
through the triac (i.e., the load cur¬ 
rent) goes to zero (commutates), 
the triac turns off. In static control 
operation, the triac is immediately 
turned on by continuous application, 
or re-application, of the gate trigger¬ 
ing signal; thus, this signal causes 
the triac to continue conducting for 



Fig. 588—Principal voltage and current 
for phase-control triac operation with an 
inductive load. 
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the desired number of successive 
half-cycles. 

As shown in Fig. 587, at time ti, 
the gate is opened and the triac 
continues to conduct for the re¬ 
mainder of that half-cycle of load 
current. At the end of the half¬ 
cycle, commutation occurs and the 
triac is subjected to an off-state 
blocking voltage which has a polarity 
opposite to the conducted current 
and a magnitude equal to the value 
of line voltage at that instant. Be¬ 
cause the triac goes from a conduct¬ 
ing state to a blocking state in a 
very short period of time, the rate 
of rise of off-state voltage is very 
rapid. This rapidly rising off-state 
voltage produces a dv/dt across the 
main power terminals of the triac 
and can result in the triac going into 
conduction if the triac is incapable 
of withstanding the dv/dt. 

Fig. 588 shows the waveshapes 
produced for phase-control opera¬ 
tion with an inductive load. The os¬ 
cillations which are present on the 
peaks of the voltage waveform are 
the result of interaction of the cir¬ 
cuit inductance and capacitance. For 
this type of operation, the stress 
caused by the commutating dv/dt is 
produced each time the current 
crosses the zero-axis and, there¬ 
fore, occurs at a frequency equal to 
twice the line-voltage frequency. If 
the triac is incapable of sustaining 
the dv/dt which is produced, it goes 
into a conducting state and remains 
in continuous conduction, supplying 
current to the load. This malfunc¬ 
tion is illustrated in Fig. 589. 

Fig. 590(a) shows the circuit dia¬ 
gram of a series connection of volt¬ 
age source, triac, and load. An equiv¬ 
alent circuit for this series connec¬ 
tion is showu in Fig. 590(b). When 
the triac is in conduction, the triac 
junction capacitance is shunted by 
a low-value, nonlinear resistance 
which minimizes the effect of triac 
capacitance. However, when the triac 
goes out of conduction, the resistive 
component becomes very large and 
the equivalent triac shunting capa- 



Fig. 589—Principal voltage and current 
showing malfunction of triac as a result 
of commutating dv/dt produced by an 
inductive load. 


citance becomes significant. Because 
the circuit is basically a series RLC 
circuit, the voltage waveshape and 
the rate of rise of voltage across 
the triac at commutation are de¬ 
termined by the magnitude of source 
voltage and the circuit inductance, 
capacitance, and resistance. Thus 
the rising off-state voltage across 
the triac can be an overdamped, 
critically damped, or underdamped 
oscillation. 



Fig. 590 — (a) Series-circuit connection of 
triac, inductive load, and ac power source; 
and (b) equivalent circuit. 
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The increased complexity of air¬ 
craft control systems, and the need 
for greater reliability than electro¬ 
mechanical switching can offer, has 
led to the use of solid-state power 
switching in aircraft. Because 400- 
Hz power is used almost universally 
in aircraft systems, triacs employed 
for power switching and control in 
such systems must have a substan¬ 
tially higher commutating dv/dt 
capability than are those employed 
similarly in 60-Hz systems. (The in¬ 
crease in commutating dv/dt stresses 
on triacs with increases in fre¬ 
quency was explained previously in 
the section on Thyristors.) RCA of¬ 
fers an extensive line of triacs rated 
for 400-Hz applications. 

Areas of application for 400-Hz 
triacs on aircraft include: 

1. Heater controls for food-warm- 
ing ovens and for windshield de¬ 
frosters. 

2. Lighting controls for instru¬ 
ment panels and cabin illumination. 

3. Motor controls. 

4. Solenoid controls. 

5. Power supply switches 

Fig. 591 shows a low-current triac 
in use in a simple, common, propor¬ 
tional-control application; the cir¬ 
cuit consists of a single RC time 
constant and a threshold device. 
The trigger diac is used as a 
threshold device to remove the de¬ 
pendence of the trigger circuit on 



Fig. 591—Simple control circuit using a 
single time constant. 

variations in gate trigger character¬ 
istics. The circuit can provide suffi¬ 
cient control for many applications, 
such as heaters and motor-speed and 
switching controls. Because of its 
simplicity, the circuit can be pack¬ 


aged in confined areas where space 
is at a premium. Electrically, it dis¬ 
plays a hysteresis effect and initially 
turns on for resistive loads with a 
conduction angle which may be too 
large; however, it provides maximum 
power output at the full ^'on” posi¬ 
tion of the control potentiometer. 

The hysteresis effect produced by 
a single-time-constant circuit can 
be reduced by addition of a resistor 
(Rs) in series with the trigger diac, 
as shown by the dotted lines in Fig. 
591. The series resistor reduces the 
capacitor discharge time and thus 
provides reduced time lag because 
of the diac turn-on-characteristics. 

The circuit shown in Fig. 592 uses 
a double-time-constant control to 
improve on the performance of the 
single-time-constant control circuit. 



Fig. 592—Control circuit using a double 
time constant. 

This circuit minimizes the hysteresis 
effect and allows the triac to turn 
on at small conduction angles. The 
circuit has the advantages of low 
hysteresis, bidirectional operation at 
small conduction angles, and con¬ 
tinuous control up to the maximum 
conduction angle. In addition, the 
fixed resistor Rf can be replaced by 
a trimmer potentiometer for mini¬ 
mum control at low conduction 
angles. 

The circuit shown in Fig. 593 uses 
a neon bulb as a threshold device 
rather than the solid-state diac. 
This circuit has the advantages of 
low hysteresis, bidirectional opera¬ 
tion at small conduction angles, and 
continuous control up to the maxi¬ 
mum conduction angle. Because the 
neon-bulb threshold voltage is higher 
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than that of a solid-stage diac, how¬ 
ever, full 360-degree control may 
not be achieved. 



Fig. 593—Control circuit using a neon- 
bulb threshold device. 

General Application Considera¬ 
tions—Phase control of thyristor- 
and-diode combinations may be em¬ 
ployed to provide many different ac 
and dc output waveforms to a load 
circuit. Some basic combinations, to¬ 
gether with the corresponding volt¬ 
age waveforms at the load for two 
complete cycles of operation, are 
shown in Fig. 594. In general, triac 
circuits are more economical for 
full-wave power control than are cir¬ 
cuits that use two SCR’s. For partial 
range control when the load is not 
sensitive to a nonsymmetrical wave¬ 
form such as resistive loads, a con¬ 
trol circuit that uses a diode and an 
SCR is acceptable. 

Phase-control techniques can be 
used very effectively and efficiently 
to control ac input power in lamp- 
dimming, motor-speed-control, low- 
power electric-heating, and many 
other similar types of applica¬ 
tions. Phase-control systems gener¬ 
ate radio-frequency noise as a result 
of the random thyristor switching 
and often must include suppression 
circuits to minimize radio-frequency 
interference (RFI) in other electri¬ 
cal systems. In higher-power appli¬ 
cations, the RFI is of such magni¬ 
tude that the suppression circuits 
become excessively bulky and ex¬ 
pensive. 

Zero-Voltage Switching 

Fig. 595 shows the relationship 


between line and load voltages for 
both SCR (half-wave) and triac 
(full-wave) power-control circuits 
that employ this control technique. 
With this type of control, the RFI 
associated with phase-control cir¬ 
cuits is substantially decreased, or 
even eliminated, because thyristor 
switching occurs at or near the 0- 
or 180-degree (zero-voltage) points 
on the ac line voltage. 

Fig. 596 shows a circuit in which 
an SCR controls the triggering and 
operation of a triac in an integral- 
cycle control circuit which is radio- 
frequency-interference free. A basic 
SCR gate-trigger or gate-control 
circuit can be represented by a volt¬ 
age source and a series resistance, 
as shown in Fig. 597. The series re¬ 
sistance should include both the ex¬ 
ternal circuit resistance and the in¬ 
ternal generator resistance. With 
this type of equivalent circuit, the 
conventional load-line approach to 
gate trigger-circuit design can be 
used. With pulse-type triggering, it 
is assumed initially that the time 
required to trigger all SCR’s of the 
same type is known, and that the 
maximum allowable gate trigger 
pulse widths for specific peak gate 
power inputs are to be determined. 
The magnitude of gate trigger cur¬ 
rent required to turn on an SCR of 
a given type can be determined 
from the turn-on characteristics 
shown in the section on Thyristors. 

The triac in Fig. 596 is not trig¬ 
gered as long as the SCR is on. When 
the SCR is turned off by removal 
of the gate signal and application of 
a negative anode potential, the triac 
is triggered on at the beginning of 
the next half-cycle. When the triac 
conducts, the capacitor charges up 
to the peak supply voltage and re¬ 
tains its charge to trigger the triac 
on in the next half-cycle. When the 
triac conducts in the reverse direc¬ 
tion, the negative charge on the ca¬ 
pacitor is held to a low value so that 
it does not trigger the triac when 
the supply voltage reverses. If the 
SCR is still off, the triac repeats its 
conduction angle. If the SCR is con- 




Fig. 594—Basic circuit configurations for thyristor power controls and voltage wave¬ 
form across the load for two complete cycles of operation. 
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Fig. 595 — Integral-cycle thyristor power control circuits. 


ducting, the triac does not trigger 
on, but remains off until the SCR is 
again turned off. This circuit pro¬ 
vides the unique function of integral- 
cycle switching, i.e., once the triac 
is triggered on, it completes one full 
cycle before turning off. This type 
of switching eliminates dc com¬ 
ponents present with half-wave con¬ 
trol. The circuit also provides syn¬ 
chronous switching, i.e., the triac 
turns on at the beginning of the 
cycle and does not generate RFI. 

In zero-voltage-switching controls, 
only two levels of input power are 
delivered to the load. The load re¬ 
ceives the full amount of power for 
a period of time and zero power 
for a period of time; the average 
power delivered to the load, there¬ 
fore, depends upon the ratio of the 
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Fig. 596 — Integral-cycle control circuit. 


power-on interval to the power-off 
interval. 


PULSE 

SOURCE 

92CS-2630I 

Fig, 597—Equivalent gate trigger circuit. 

In solid-state power-control sys¬ 
tems that employ zero-voltage- 
switching techniques, two modes of 
operation are possible. The con¬ 
trolled variable (for example, tem¬ 
perature in a heat-control system) 
may be sensed and used to turn the 
power on or off. Because the power- 
control element is a solid-state de¬ 
vice and, therefore, is free of wear- 
out mechanisms, the differential in 
the control variable that causes the 
switching can be made very small, 
and accurate control is achieved. 
Fig. 598 shows the response charac¬ 
teristics for a heating system that 
uses this type of control. 

In control systems that have large 
time constants, such as a home heat¬ 
ing system, on-off controls of the 
type described above may produce 
relatively large overshoots and un¬ 
dershoots. In this type of system, 
better regulation may be achieved 
by use of a control method referred 
to as proportional integral-cycle con¬ 
trol. 
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Fig. 598—Transfer characteristics of (a) on-off and (b) proportional control systems. 


The power excursions that result 
with on-off controls are substantially 
reduced, as shown in Fig. 598(b), 
by use of integral-cycle proportional 
control with synchronous switching. 
With integral-cycle proportional con¬ 
trol, a time base is selected, and the 
“on” time of the thyristor is varied 
within the time base. The ratio of 
on-to-off times of the thyristor dur¬ 
ing this interval depends upon the 
amount of power to the load re¬ 
quired to maintain a predetermined 
average level for the system. As 
this level is approached (as deter¬ 
mined by a sensing element), less 
power is delivered to the load (i.e., 
the duty cycle is reduced). This type 
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Fig. 599—Triac duty cycle. 


of control is usually selected for 
heating systems. 

Fig. 599 shows the on-off-ratio of 
the triac. Within the time period, the 
on-time varies by an integral num¬ 
ber of cycles from full on to a single 
cycle of input voltage. 

One method of achieving integral- 
cycle proportional control is to use 
a fixed-frequency sawtooth genera¬ 
tor signal which is summed with a 
dc control signal. The sawtooth gen¬ 
erator establishes the period or time 
base of the system. The dc control is 
obtained from the output of the tem¬ 
perature-sensing network. The prin¬ 
ciple is illustrated in Fig. 600. As 
the sawtooth voltage increases, a 
level is reached which turns on 
power to the heating elements. As 
the temperature at the sensor 
changes, the dc level shifts accord¬ 
ingly and changes the length of 
time that the power is applied to 
the heating elements within the es¬ 
tablished time. 

When the demand for heat is high, 
the dc control signal is high and 
high power is supplied continuously 
to the heating elements. When the 
demand for heat is completely sat¬ 
isfied, the dc control signal is low 
and low power is supplied to the 
heating elements. Usually a system 
using this principle operates con¬ 
tinuously somewhere between full 
on and full off to satisfy the demand 
for heat. 
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Fig. 600 — Proportional-controller wave 
shapes. 


LAMP DIMMERS 

A simple, inexpensive light- 
dimmer circuit can be constructed 
with a diac, a triac, and an RC 
charge-control network. It is im¬ 
portant to remember that a triac in 
this type of circuit dissipates power 
at the rate of about one watt per 
ampere. Therefore, some means of 
removing heat must be provided to 
keep the device within its safe oper¬ 
ating-temperature range. On a small 
light-control circuit such as one 
built into a lamp socket, the lead-in 
wire serves as an effective heat sink. 
Attachment of the triac case directly 
to one of the lead-in wires provides 
sufficient heat dissipation for operat¬ 
ing currents up to 2 amperes (rms). 
On wall-mounted controls operating 
up to 6 amperes, the combination of 
faceplate and wallbox serves as an 
effective heat sink. For higher-power 
controls, however, the ordinary face¬ 
plate and wallbox do not provide 
sufficient heat-sink area. In this 
case, additional area may be ob¬ 
tained by use of a finned face plate 
that has a cover plate which stands 
out from the wall so air can circu¬ 
late freely over the fins. 

On wall-mounted controls, it is 
also important that the triac be elec¬ 
trically isolated from the face plate, 
but at the same time be in good 
thermal contact with it. Although 
the thermal conductivity of most 
electrical insulators is relatively 
low when compared with metals, a 
low-thermal-resistance, electrically 


isolated bond of triac to faceplate 
can be obtained if the thickness of 
the insulator is minimized and the 
area for heat transfer through the 
insulator is maximized. Suitable in¬ 
sulating materials are fiberglass 
tape, ceramic sheet, mica, and 
polyimide film. Fig. 601 shows an 
example of isolated mounting for 
triacs in a plastic package. Electri¬ 
cal insulating tape is first placed 
over the inside of the faceplate. The 
triac is then mounted to the insu¬ 
lated faceplate by use of epoxy-resin 
cement. 


ELECTRICAL INSULATION 



Fig. 601—Example of isolated mounting 
of a triac in a plastic package. 


Because the light output of an in¬ 
candescent lamp depends upon the 
voltage impressed upon the lamp 
filament, changes in the lamp volt¬ 
age vary the brightness of the 
lamp. When ac source voltages are 
used, a triac can be used in series 
with an incandescent lamp to vary 
the voltage to the lamp by changing 
its conduction angle; i.e., the por¬ 
tion of each half-cycle of ac line 
voltage in which the triac conducts 
to provide voltage to the lamp fila¬ 
ment. The triac, therefore, is very 
attractive as a switching element in 
light-dimming applications. 

To switch incandescent-lamp loads 
reliably, a triac must be able to with¬ 
stand the inrush current of the lamp 
load. The inrush current is a result 
of the difference between the cold 
and hot resistance of the tungsten 
filament. The cold resistance of the 
tungsten filament is much lower 
than the hot resistance. The result¬ 
ing inrush current is approximately 
12 times the normal operating cur¬ 
rent of the lamp. 
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Single-Time-Constant Circuit 

The simplest circuit that can be 
used for light-dimming applications 
is shown in Fig. 602. This circuit 
uses a diac in series with the gate of 
a triac to minimize the variations in 



Fig. 602 — Single-time-constant light- 
dimmer circuit. 


gate trigger characteristics. Changes 
in the resistance in series with the 
capacitor change the conduction 
angle of the triac. Because of its 
simplicity, this circuit can be pack¬ 
aged in confined areas where space 
is at a premium. 

The capacitor C 2 in the circuit of 
Fig. 602 is charged through the con¬ 
trol potentiometer Ri and the series 
resistance Rs. The series resistance 
is used to protect the potentiometer 
by limiting the capacitor charging 
current when the control poten¬ 
tiometer is at its minimum resistance 
setting. This resistor may be elimi¬ 
nated if the potentiometer can with¬ 
stand the peak charging current 
until the triac turns on. The diac 
conducts when the voltage on the 
capacitor reaches its breakover volt¬ 
age. The capacitor then discharges 
through the diac to produce a cur¬ 
rent pulse of sufficient amplitude 
and width to trigger the triac. Be¬ 
cause the triac can be triggered with 
either polarity of gate signal, the 
same operation occurs on the oppo¬ 
site half-cycle of the applied volt¬ 
age. The triac, therefore, is triggered 
and conducts on each half-cycle of 
the input supply voltage. 

The interaction of the RC network 
and the trigger diode results in a 


hysteresis effect when the triac is 
initially triggered at small conduc¬ 
tion angles. The hysteresis effect is 
characterized by a difference in the 
control potentiometer setting when 
the triac is first triggered and when 
the circuit turns off. Fig. 603 shows 
the interaction between the RC net¬ 
work and the diac to produce the 
hysteresis effect. The capacitor volt¬ 
age and the ac line voltage are 
shown as solid lines. As the resist¬ 
ance in the circuit is decreased 
from its maximum value, the capaci¬ 
tor voltage reaches a value which 
fires the diac. This point is desig¬ 
nated A on the capacitor-voltage 
waveshape. When the diac fires, the 
capacitor discharges and triggers 
the triac at an initial conduction 
angle ^ 1 . During the forming of the 
gate trigger pulse, the capacitor 
voltage drops suddenly. The charge 
on the capacitor is smaller than 
when the diac did not conduct. As 
a result of the different voltage con¬ 
ditions on the capacitor, the break¬ 
over voltage of the diac is reached 
earlier in the next half-cycle. This 
point is labeled B on the capacitor- 
voltage waveform. The conduction 
angle corresponding to point B 
is greater than Ox. All succeeding 
conduction angles are equal to 62 
in magnitude. When the circuit re¬ 
sistance is increased by a change 
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Fig. 603—Waveforms showing interaction 
of control network and trigger diode. 


in the potentiometer setting, the 
triac is still triggered, but at a 
smaller conduction angle. Eventu¬ 
ally, the resistance in series with 
the capacitance becomes so great 
that the voltage on the capacitor 
does not reach the breakover voltage 


Thyristor Power Controls 


487 


of the diac. The circuit then turns 
off and does not turn on until the 
circuit resistance is again reduced 
to allow the diac to be fired. The 
hysteresis effect makes the voltage 
load appear much greater than 
would normally be expected when 
the circuit is initially turned on. 

Double-Time-Constant Circuit 


The double-time-constant circuit 
in Fig. 604 improves on the perform- 



Fig. 604 — Double-time-constant light- 
dimmer circuit. 

ance of the single-time-constant con¬ 
trol circuit. This circuit uses an 
additional RC network to extend the 
phase angle so that the triac can be 
triggered at small conduction angles. 
The additional RC network also mini¬ 
mizes the hysteresis effect. Fig. 605 
shows the voltage waveforms for 
the ac supply and the trigger capa¬ 
citor of the circuit of Fig. 604. Be¬ 
cause of the voltage drop across Ra, 
the input capacitor Cs charges to a 
higher voltage than the trigger ca¬ 
pacitor Ca. When the voltage on 
Ca reaches the breakover voltage 



Fig. 605—Voltage waveforms of double¬ 
time-constant control circuit. 


of the diac, it conducts and causes 
the capacitor to discharge and pro¬ 
duce the gate-current pulse to trig¬ 
ger the triac. After the diac turns 
off, the charge on Ca is partially 
restored by the charge from the in¬ 
put capacitor C 2 . The partial restora¬ 
tion of charge on Ca results in better 
circuit performance with a minimum 
of hysteresis. 

Zero-Voltage-Switched Circuit 

Fig. 606 shows a lamp-dimmer 
circuit in which the use of an 
RCA-CA3059 integrated-circuit zero- 
voltage switch in conjunction with 
a 400-Hz triac results in minimum 
RFI. (The CA3059 is described 
briefly in the subsequent paragraph 
on Heater Controls. A detailed de¬ 
scription of this integrated circuit 
is given in the manual on RCA 
Linear Integrated Circuits, Technical 
Series IC-42, in RCA Application 
Note ICAN-6182, or in the Technical 
Bulletin on the RCA CA3058, 
CA3059, and CA3079 Integrated- 
Circuit Zero-Voltage Switches. File 
No. 490. 

Lamp dimming is a simple triac 
application that demonstrates an 
advantage of 400-Hz power over 60 
Hz. Fig. 607 shows the adjustment 
of lamp intensity by phase* control 
of the 60-Hz line voltage. Because 
RFI is generated by the step func¬ 
tions of power each half cycle, exten¬ 
sive filtering is required. Fig. 608 
shows a means of controlling power 
to the lamp by the zero-voltage¬ 
switching technique. Use of 400-Hz 
power makes possible the elimina¬ 
tion of complete or half cycles within 
a period (typically 17.5 milliseconds) 
without noticeable flicker. Fourteen 
different levels of lamp intensity can 
be obtained in this manner. In the 
circuit shown in Fig. 606, a line- 
synced ramp is set up with the de¬ 
sired period and applied to terminal 
No. 9 of the differential amplifier 
within the CA3059. The other side 
of the differential amplifier (termi¬ 
nal No. 13) uses a variable reference 
level, set by the potentiometer R 2 . 
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Fig. 606—Circuit diagram for 400-Hz zero-voltage-switched lamp dimmer. 


A change of the potentiometer set¬ 
ting changes the lamp intensity. 

In 400-Hz applications, it may be 
necessary to widen and shift the 
CA3059 output pulse (which is 
typically 12 microseconds wide and 
centered on zero voltage crossing) 
to assure that sufficient latching 
current is available. The resistor Rs 
(terminal No. 12 to common) and 
the capacitor C 2 (terminal No. 5 to 
common) are used for this adjust¬ 
ment. 

6 O-H 2 PHASE-CONTROL LAMP DIMMER 



Fig. 607—Waveforms for 60-Hz phase- 
controlled lamp dimmer. 

HEAT CONTROLS 

There are three general categories 
of solid-state control circuits for 
electric heating elements: on-off con¬ 


trol, phase control, and propor¬ 
tional control using integral-cycle 
(zero-voltage) synchronous switch¬ 
ing. Phase-control circuits such as 
those used for light dimming are 
very effective and efficient for elec¬ 
tric heat control except for the prob¬ 
lem of radio-frequency interference 
(RFI). In higher-power applications, 
the RFI is of such magnitude that 
suppression circuits to minimize the 
interference become quite bulky and 
expensive. 

On-off controls have only two 
levels of power input to the load. 
The heating coils are either ener¬ 
gized to full power or are at zero 
power. Because of thermal time con¬ 
stants, on-off controls produce a 
cyclic action which alternates be¬ 
tween thermal overshoots and under¬ 
shoots with poor resolution. 

This disadvantage is overcome and 
RFI is minimized by use of the con¬ 
cept of integral-cycle proportional 
control with synchronous switching. 
In this system, as shown in Figs. 609 
and 610, a time base is selected, and 
the on-time of the triac is varied 
within the time base. The ratio of 
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Fig. 608—Waveforms for 400-Hz zero-voltage-switched lamp dimmer. 


the on-to-ofF time of the triac within 
this time interval depends upon the 
power required to the heating ele¬ 
ments to maintain the desired tem¬ 
perature. 

The RCA-CA3059 integrated-cir¬ 
cuit zero-voltage switch is intended 
primarily as a trigger circuit for the 
control of thyristors and is particu¬ 
larly suited for use in thyristor tem¬ 
perature-control applications. This 


multistage circuit employs a diode 
limiter, a threshold detector, a dif¬ 
ferential amplifier, and a Darlington 
output driver to provide the basic 
switching action. The dc supply volt¬ 
age for these stages is supplied by 
an internal zener-diode-regulated 
power supply that has sufficient cur¬ 
rent capability to drive external cir¬ 
cuit elements, such as transistors 
and other integrated circuits. The 



*NTC = NEGATIVE TEMPERATURE COEFFICIENT 
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Note: Detailed descriptive information and the complete circuit diagrram for the CA3059 
are griven in the RCA Linear Integrated Circuits Manual/ Technical Series IC-42, or in 
RCA Application Note ICAN-6182 and the RCA Technical Bulletin on the CA3058, CA3059, 
and CA3079 Integrated-Circuit Zero-Voltage Switches, File No. 490. 

Fig. 609—Functional block diagram of the integrated-circuit zero-voltage switch. 
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trigger pulse developed by this cir¬ 
cuit can be applied directly to the 
gate of an SCR or a triac. A built- 
in protection circuit inhibits the ap¬ 
plication of these pulses to the 
thyristor gate circuit in the event 
that the external sensor for the in¬ 
tegrated-circuit switch should be 
inadvertently opened or shorted. The 
CA3059 may be employed as either 
an on-off type of controller or a pro¬ 
portional controller, depending upon 
the degree of temperature regulation 
required. 

Fig. 609 shows a functional block 
diagram of the CA3059 integrated- 
circuit zero-voltage switch. Any 
triac that is driven directly from 
the output terminal of this circuit 
should be characterized for operation 
in the I( + ) or III( + ) triggering 
modes, i.e., with positive gate cur¬ 
rent (current flows into the gate for 
both polarities of the applied ac volt¬ 
age). The circuit operates directly 
from a 60-Hz ac line voltage of 
120 or 240 volts. 

The limiter stage of the CA3059 
clips the incoming ac line voltage 
to approximately plus and minus 8 
volts. This signal is then applied to 
the zero-voltage-crossing detector, 
which generates an output pulse dur¬ 
ing each passage of the line voltage 
through zero. The limiter output is 
also applied to a rectifying diode 
and an external capacitor that com¬ 
prise the dc power supply. The power 
supply provides approximately 6 
volts as the dc supply to the other 
stages of the CA3059. The on/off 
sensing amplifier is basically a dif¬ 
ferential comparator. The triac gat¬ 
ing circuit contains a driver for 
direct triac triggering. The gating 
circuit is enabled when all the in¬ 
puts are at a high voltage, i.e., the 
line voltage must be approximately 
zero volts, the sensing-amplifier out¬ 
put must be “high,’^ the external 
voltage to terminal 1 must be a logi¬ 
cal “1,” and the output of the fail¬ 
safe circuit must be “high.’^ 

Fig. 610 shows the position and 
width of the pulses supplied to the 
gate of a thyristor with respect to 



Fig. 610—Timing relationship between the 
output pulses of the CA3059 and the ac 
line voltage. 


the incoming ac line voltage. The 
CA3059 can supply sufficient gate 
voltage and current to trigger most 
RCA thyristors at ambient tempera¬ 
tures of 25 °C. However, under worst- 
case conditions (i.e., at ambient- 
temperature extremes and maximum 
trigger requirements), selection of 
the higher-current thyristors may be 
necessary for particular applica¬ 
tions. 

As shown in Fig. 609, when termi¬ 
nal 13 is connected to terminal 14, 
the fail-safe circuit of the CA3059 
is operable. If the sensor should then 
be accidentally opened or shorted, 
power is removed from the load (i.e., 
the triac is turned off). The internal 
fail-safe circuit functions properly, 
however, only when the ratio of the 
sensor impedance at 25 °C, if a 
thermistor is the sensor, to the im¬ 
pedance of the potentiometer Rp is 
less than 4 to 1. 

On-Off Temperature Controller— 
Fig. 611 shows a triac and a CA3059 
used in an on-off temperature-con¬ 
troller configuration. The triac is 
turned on at zero voltage whenever 
the voltage Vs exceeds the reference 
voltage Vr. The transfer character¬ 
istic of this system, shown in Fig. 
612, indicates significant thermal 
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overshoots and undershoots, a well- 
known characteristic of such a sys¬ 
tem. The differential or hysteresis 
of this system, however, can be 
further increased, if desired, by the 
addition of positive feedback. 

TEMPERATURE 



Fig. 612—Transfer characteristics of an 
on-off temperature-control system. 


Proportional Temperature Con¬ 
troller—For precise temperature- 
control applications, th^ propor¬ 
tional-control technique with syn¬ 
chronous switching is employed. The 
transfer curve for this type of con¬ 
troller is shown in Fig. 613. In this 
case, the duty cycle of the power 
supplied to the load is varied with 
the demand for heat required and 
the thermal time constant (inertia) 


of the system. For example, when 
the temperature setting is in¬ 
creased in an “on-off^^ type of con¬ 
troller, full power (100 per cent 
duty cycle) is supplied to the sys¬ 
tem. This effect results in signifi¬ 
cant temperature excursions be¬ 
cause there is no anticipatory cir¬ 
cuit to reduce the power gradually 
before the actual set temperature is 
achieved. However, in a propor¬ 
tional control technique, less power 
is supplied to the load (reduced duty 
cycle) as the error signal is reduced 
(sensed temperature approaches the 
set temperature). 

Before such a system is imple¬ 
mented, a time base is chosen so 
that the on-time of the triac is 
varied within this time base. The 


TEMPERATURE 

SETTING 



Fig. 613—Transfer characteristics of a 
proportional temperature-control system. 
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ratio of the on-to-off time of the 
triac within this time interval de¬ 
pends on the thermal time constant 
of the system and the selected tem¬ 
perature setting. Fig. 614 illustrates 
the principle of proportional con¬ 
trol. For this operation, power is 
supplied to the load until the ramp 
voltage reaches a value greater than 
RAMP 
SIGNAL 



— Wft — 


TIME- 
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Fig, 614—Principles of proportional 
control. 


the dc control signal supplied to 
the opposite side of the differential 
amplifier. The triac then remains off 
for the remainder of the time-base 
period. As a result, power is “pro¬ 
portioned’^ to the load in a direct 
relation to the heat demanded by 
the system. 

For this application, a simple 
ramp generator can be realized with 
a minimum number of active and 
passive components. Exceptional 
ramp linearity is not necessary for 


proportional operation because of 
the nonlinearity of the thermal sys¬ 
tem and the closed-loop type of con¬ 
trol. In the circuit shown in Fig. 
615, ramp voltage is generated when 
the capacitor C 2 charges through re¬ 
sistors Ri and R 5 . The time base of 
the ramp is determined by resistors 
Ri and R 2 , capacitor Ci, and the 
breakover voltage of the D2202U 
diac. When the voltage across Ci 
reaches approximately 32 volts, the 
diac switches and turns on the 
2N697S transistor. The capacitor 
C 2 then discharges through the col- 
lector-to-emitter junction of the 
transistor. This discharge time is 
the retrace or flyback time of the 
ramp. The circuit shown can gener¬ 
ate ramp times ranging from 0.3 to 
2.0 seconds through adjustment of 
R 2 . For precise temperature regula¬ 
tions, the time base of the ramp 
should be shorter than the thermal 
time constant of the system, but 
long with respect to the period of 
the 60-Hz line voltage. Fig. 616 
shows a triac and a GA3059 con¬ 
nected for the proportional mode. 

Integral-Cycle Temperature Con¬ 
trollers (No half-cycling)—If a tem¬ 
perature controller which is com¬ 
pletely devoid of half-cycling and 
hysteresis is required, then the cir¬ 
cuit shown in Fig. 617 may be used. 
This type of circuit is essential for 
applications in which half-cycling 
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Fig. 615—Ramp generator. 
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and the resultant dc component 
could cause overheating of a power 
transformer on the utility lines. 

In the circuit shown in Fig. 616, 
the sensor is connected between 
terminals 7 and 9 of the CA3059. 
This arrangement is required be¬ 
cause of the phase reversal intro¬ 
duced by the SCR. With this con¬ 
figuration, terminal 12 is connected 


to terminal 7 for operation of the 
CA3059 in the dc mode (however, 
the load is switched at zero volt¬ 
age). Because the position of the 
sensor has been changed for this 
configuration, the internal fail-safe 
circuit cannot be used (terminals 
13 and 14 are not connected). 

In the integral-cycle controller, 
when the temperature being con- 



♦ FOR PROPORTIONAL OPERATION OPEN TERMINALS 10,11, AND 13, 
AND CONNECT POSITIVE RAMP VOLTAGE TO TERMINAL 13 


92CS-263I6 

Fig. 617 — Integral-cycle temperature controller in which half-cycling effect is eliminated. 
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trolled is low, the resistance of the 
thermistor is high and an output 
signal at terminal 4 of zero volts is 
obtained. The SCR, therefore, is 
turned off. The triac is then trig¬ 
gered directly from the line on posi¬ 
tive cycles of the ac voltage. When 
the triac is triggered and supplies 
power to the load Rl', capacitor C is 
charged to the peak of the input 
voltage. When the ac line swings 
negative, capacitor C discharges 
through the triac gate to trigger the 
triac on the negative half-cycle. The 
diode-resistor-capacitor “slaving net¬ 
work^’ triggers the triac on negative 
half-cycles of the ac input voltage 
after it is triggered on the positive 
half-cycle to provide only integral 
cycles of ac power to the load. 

When the temperature being con¬ 
trolled reaches the desired value, as 
determined by the thermistor^, then 
a positive voltage level appears at 
terminal 4 of the CA3059. The SCR 
then starts to conduct at the be¬ 
ginning of the positive input cycle 
to shunt the trigger current away 
from the gate of the triac. The triac 
is then turned off. The cycle re¬ 


peats when the SCR is again turned 
by a reversal of the polarity of the 
applied voltage. 

The circuit shown in Fig. 618 is 
similar to the configuration in Fig. 
617 except that the internal protec¬ 
tion circuit incorporated in the 
CA3059 can be used. In this latter 
circuit, the NTC sensor is connected 
between terminals 7 and 13, and a 
transistor inverts the signal output 
at terminal 4 to nullify the phase 
reversal introduced by the SCR. 
The internal power supply of the 
CA3059 supplies bias current to the 
transistor. 

The circuit shown in Fig. 618 can 
readily be converted to a true pro¬ 
portional integral-cycle tempei^a- 
ture controller simply by connection 
of a positive-going ramp voltage to 
terminal 9 (with terminals 10 and 
11 open). 

For applications that require comr 
plete elimination of half-cyjcling 
without the addition of hysteresis, 
the circuit shown in Fig. 619 may be 
employed. This circuit uses a 
CA3099E integrated-circuit pro¬ 
grammable comparator with a zero- 
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Fig. 618 — CA3059 integral-cycle temperature controller that features a protection circuit 

and no half-cycling effect. 
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NOTE: CIRCUIT DOES NOT EXHIBIT SPURIOUS 
"HALF-CYCLE"CONDUCTION EFFECTS 


92CS-22596 


Fig. 619—Sensitive temperature control. 


voltage switch. The CA3099E was 
described earlier in the section In¬ 
tegrated Circuits for Linear Appli¬ 
cations. Because the CA3099E con¬ 
tains an integral flip-flop, its output 
will be in either a “O’’ or “1” state. 
Consequently the zero-voltage switch 
cannot operate in the linear mode, 
and spurious half-cycling operation 
is prevented. When the signal-input 
voltage at terminal 14 of the 
CA3099E is equal to or less than 
the “low” reference voltage (LR), 
current flows from the power sup¬ 
ply through resistor Ri, and a logic 
“0” is applied to terminal 13 of the 
zero-voltage switch. This condition 
turns off the triac. The triac re¬ 


mains off until the signal-input volt¬ 
age rises to or exceeds the “high” 
reference voltage (HR), thereby ef¬ 
fecting a change in the state of the 
flip-flop so that a logic “1” is ap¬ 
plied to terminal 13 of the zero- 
voltage switch, and triggers the triac 
on. 


LIGHT-ACTIVATED CONTROLS 

The RCA CA3062 integrated- 
circuit photosensitive detector and 
power amplifier can provide a light- 
activated switch which will drive a 
variety of practical loads; such as 
solenoids, relays, triacs, and SCR’s. 
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‘‘Normally on” and “normally off” 
outputs are available simultaneously. 

The circuit diagram and terminal 
connections for the CA3062 are 
shown in Fig. 620. The circuit con¬ 
sists of a photo-Darlington pair and 
a differential amplifier which is 
emitter-follower coupled to a pair of 
high-current output transistors, Qc 
and Q 7 . The CA3062 is designed for 
operation from power supply volt¬ 
ages of 5 to 15 volts between termi¬ 
nal Nos. 4 and 8 , and voltages as 
high as 30 volts V-|- on the output 
transistors. 


as 10:1 can be achieved with this 
circuit. 

Fig. 622 shows the use of the 
CA3062 and two triacs in an auto¬ 
matic shut-off and alarm circuit. In 
this system, ac is supplied to the 
load as long as the light source is 
“on”. If the light path to the CA3062 
is broken, then the ac to the load 
and light source is opened, thereby 
activating the alarm circuit. The 
system can be reset with the push¬ 
button shown. 

Fig. 623 shows an intrusiort-alarm 
system that uses a triac and the 


v+ 



Fig. 620—Schematic diagram of CA3062. 


Fig. 621 illustrates the use of the 
CA3062 and a triac in an optically 
coupled isolator circuit that is used 
to transfer signals that are at sub¬ 
stantially different voltage levels. 
Both polarity outputs are available. 
Current transfer ratios of as high 


CA3062. If the light path is broken 
or the ac is interrupted, the alarm 
system will be activated, provided 
the battery is adequately charged. 

The V-f- acts as a charging circuit 
for the battery while the circuit is 
operating from the ac supply. 



Thyristor Power Controls 


497 



Fig. 621—Light activated Mac control. 



Fig. 622—Triac automatic shunt off and alarm. 
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Fig. 623—Triac intrusion alarm system. 


TRAFFIC-LIGHT FLASHER 

Another application which illus¬ 
trates the versatility of the CA3059 
zero-voltage switch, when used with 
RCA thyristors, involves switching 
traffic-control lamps. In this type of 
application, it is essential that a 
triac withstand a current surge of 
the lamp load on a continuous basis. 
This surge results from the differ¬ 
ence between the cold and hot re¬ 
sistance of the tungsten filament. If 
it is assumed that triac turn-on is 
at 90 degrees from the zero-voltage 
crossing, the first current-surge peak 
is approximately ten times the peak 
steady-state value or fifteen times 
the steady-state rms value. The sec¬ 
ond current-surge peak is approxi¬ 
mately four times the steady-state 
rms value. 

When the triac randomly switches 
the lamp, the rate of current rise 
di/dt is limited only by the source 
inductance. The triac di/dt rating 
may be exceeded in some power sys¬ 
tems. In many cases, exceeding the 


rating results in excessive current 
concentrations in a small area of 
the device which may produce a hot 
spot and lead to device failure. Criti¬ 
cal applications of this nature re¬ 
quire adequate drive to the triac 
gate for fast turn-on. In this case, 
some inductance may be required in 
the load circuit to reduce the initial 
magnitude of the load current when 
the triac is passing through the ac¬ 
tive region. Another method may be 
used which involves the switching 
of the triac at zero line voltage. This 
method involves the supply of pulses 
to the triac gate only during the 
presence of zero voltage on the ac 
line. 

Fig. 624 shows a circuit in which 
the lamp loads are switched at zero 
line voltage. This approach reduces 
the initial di/dt, decreases the re¬ 
quired triac surge-current ratings, 
increases the operating lamp life, 
and eliminates RFI problems. This 
circuit consists of two triacs, a fiip- 
flop (FF-1), the zero-voltage switch, 
and a diac pulse generator. The 
flashing rate in this circuit is con- 
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Fig. 624 — Synchronous-switching traffic flasher. 


trolled by potentiometer R, which 
provides between 10 and 120 flashes 
per minute. The state of FF-1 de¬ 
termines the triggering of triacs Yi 
or Y 2 by the output pulses at termi¬ 
nal 4 generated by the zero-crossing 
circuit. Transistors Qi and Q 2 inhibit 
these pulses to the gates of the triacs 
until the triacs turn on by the logi¬ 
cal ‘*1^^ (Vcc high) state of the flip- 
flop. 

The arrangement described can 
also be used for a synchronous, se¬ 
quential traffic-controller system by 
addition of one triac, one gating 
transistor, a “divide-by-three^’ logic 
circuit, and modification in the de¬ 
sign of the diac pulse generator. 
Such a system can control the fa¬ 
miliar red, amber, and green traffic 
signals that are found at many in¬ 
tersections. 

Fig. 625 shows a simplified version 
of the synchronous-switching traffic 
light flasher shown in Fig. 624. 
Flash rate is set by use of the curve 
shown in Fig. 626. If a more precise 


flash rate is required, the ramp gen¬ 
erator described previously may be 
used. In this circuit, ZVSi is the 
master control unit and ZVS 2 is 
slaved to the output of ZVSi through 
its inhibit terminal (terminal 1). 
When power is applied to lamp No. 
1, the voltage of terminal 6 on ZVSi 
is high and ZVS 2 is inhibited by the 
current in Rx. When lamp No. 1 is 
off, ZVS 2 is not inhibited, and triac 
Y 2 can Are. The power supplies oper¬ 
ate in parallel. The on-off sensing 
amplifier in ZVS 2 is not used. 


MOTOR CONTROLS 

Triacs and SCR’s can be used 
very effectively to apply power to 
motors and perform switching, or 
any other desired operating con¬ 
dition that can be obtained by a 
switching action. Because most 
motors are line-operated, the triac 
can be used as a direct replacement 
for electromechanical switches. 
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Fig. 625—Synchronous light flasher. 
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Fig. 626—Effect of variations in time-constant elements on period. 


Motor Switch Circuits 

A very simple triac static switch 
for control of ac motors is shown in 
Fig. 627. The low-current switch 
controlling the gate trigger current 
can be any type of transducer, such 
as a pressure switch, a thermal 
switch, a photocell, or a magnetic 
reed relay. This simple type of cir¬ 


cuit allows the motor to be switched 
directly from the transducer switch 
without any intermediate power 
switch or relay. 

Triacs can also be used to change 
the operating characteristics of 
motors to obtain many different 
speed and torque curves. 

For dc control, the circuit of Fig. 
628 can be used. By use of the dc 
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triggering modes, the triac can be 
directly triggered from transistor 
circuits by either a pulse or con¬ 
tinuous signal. 



Fig. 627—Simple triac static switch. 



Fig. 628—AC triac switch control from 
dc input. 


Induction-Motor Controls 

Fig. 629 shows a single-time-con¬ 
stant circuit which can be used as 
a satisfactory proportional speed 
control for some applications and 


with certain types of induction 
motors, such as shaded pole or 
permanent split-capacitor motors, 
when the load is fixed. This type of 
circuit is best suited to applications 
which require speed control in the 
medium to full-power range. It is 
specifically useful in applications 
such as fans or blower-motor con¬ 
trols, where a small change in motor 
speed produces a large change in 
air velocity. Caution must be exer¬ 
cised if this type of circuit is used 
with induction motors because the 
motor may stall suddenly if the speed 
of the motor is reduced below the 
drop-out speed for the specific op¬ 
erating condition determined by the 
conduction angle of the triac. Be¬ 
cause the single-time-constant cir¬ 
cuit cannot provide speed control of 
an induction motor load from maxi¬ 
mum power to full off, but only down 
to some fraction of the full-power 
speed, the effects of hysteresis de¬ 
scribed previously are not present. 
Speed ratios as high as 3:1 can be 
obtained from the single-time-con¬ 
stant circuit used with certain types 
of induction motors. 

Because motors are basically in¬ 
ductive loads and because the triac 
turns off when the current reduces 
to zero, the phase difference be¬ 
tween the applied voltage and the 
device current causes the triac to 
turn off when the source voltage is 
at a value other than zero. When 
the triac turns off, the instantaneous 



92CS-26324 


120VAC, 60Hz 240VAC, 60Hz 
C 0.22)L(F, 200V 0.22/iF, 400V 

Y T2700B T2700D 

Fig. 629—Induction motor control. 
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value of input voltage is applied 
directly to the main terminals of the 
triac. This commutating voltage may 
have a rate of rise whch can re¬ 
trigger the triac. The commutating 
dv/dt can be limited to the capabil¬ 
ity of the triac by use of an RC net¬ 
work across the device, as shown in 
Fig. 629. 

Fig. 630 illustrates the use of a 
CA3059 integrated-circuit zero-volt¬ 
age switch, together with two 


CA3086 integrated-circuit transistor 
arrays, in a phase-control circuit 
that is specifically designed for speed 
control of ac induction motors. (This 
circuit may also be used as a light 
dimmer.) The circuit, which can be 
operated from a line frequency of 
50-Hz to 400-Hz, consists of a zero- 
voltage detector, a line-synchronized 
ramp generator, a zero-current de¬ 
tector, and a line-derived control cir¬ 
cuit (i.e., the zero-voltage switch). 
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Fig. 630 — Phase-control using a CA3059 and two CA3086 integrated-circuits (continued 

on page 503). 
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The zero-voltage detector (part of 
CA3086 No. 1) and the ramp gen¬ 
erator (CA3086 No. 2) provide a 
line-synchronized ramp-voltage out¬ 
put to terminal 13 of the zero-volt¬ 
age switch. The ramp voltage, which 
has a starting voltage of 1.8 volts, 
starts to rise after the line voltage 
passes the zero point. The ramp gen¬ 
erator has an oscillation frequency 
of twice the incoming line frequency. 
The slope of the ramp voltage can 


be adjusted by variation of the re 
sistance of the 1-megohm ramp 
control potentiometer. The outpu 
phase can be controlled easily t 
provide 180° firing of the triac b 
programming the voltage at terming 
9 of the zero-voltage switch. Th 
basic operation of the zero-voltag 
switch driving a thyristor was ex 
plained previously in the discussio] 
on Heat Controls. 

Reversing Motor Control—In man; 



Fig. 630 — Phase-control using a CA3059 and two CA3086 integrated-circuits (continuec 

from page 502). 
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industrial applications, it is neces¬ 
sary to reverse the direction of a 
motor, either manually or by means 
of an auxiliary circuit. Fig. 631 



shows a circuit which uses two triacs 
to provide this type of reversing 
motor control for a split-phase ca¬ 
pacitance motor. The reversing 
switch can be either a manual 
switch or an electronic switch used 
with some type of sensor to re¬ 
verse the direction of the motor. 
A resistance is added in series with 
the capacitor to limit capacitor dis¬ 
charge current to a safe value when¬ 
ever both triacs are conducting 
simultaneously. If triac No.l is 
turned on while triac No.2 is on, 
a loop current resulting from capa¬ 
citor discharge will occur and may 
damage the triacs. 

The circuit operates as follows: 
when triac No.l is in the off state, 
motor direction is controlled by triac 
No.2; when triac No.2 reverts to 
the off state and triac No.l turns on, 
the motor direction is reversed. 

Electronic Garage-Door System— 
The triac motor-reversing circuit 
can be extended to electronic garage- 
door systems which use the prin¬ 
ciple for garage-door direction 
control. The system contains a 


transmitter and a receiver and pro¬ 
vides remote control of door opening 
and closing. The block diagram in 
Fig. 632 shows the functions re¬ 
quired for a complete solid-state 
system. When the garage door is 
closed, the gate drive to the DOWN 
triac is disabled by the lower-limit 
closure and the gate drive to the 
UP triac is inactive because of the 
state of the flip-flop. If the trans¬ 
mitter is momentarily keyed, the 
receiver activates the time-delay 
monostable multivibrator so that it 
then changes the flip-flop state and 
provides continuous gate drive to the 
UP triac. The door then continues 
to travel in the UP direction until 
the upper-limit switch closure dis¬ 
ables gate drive to the UP triac. A 
second keying of the transmitter 
provides the DOWN triac with gate 
drive and causes the door to travel 
in the DOWN direction until the 
gate drive is disabled by the lower 
limit closure. The time in which the 
monostable multivibrator is active 
should override normal transmitter 



Fig. 632—Block diagram for remote- 
control solid-state garage-door system. 


keying for the purpose of eliminat¬ 
ing erroneous firing. A feature of 
this system is that, during travel, 
transmitter keying provides motor 
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reversing independent of the upper- 
or lower-limit closures. Additional 
features, such as obstacle clearance, 
manual control, or time delay for 
overhead garage lights can be in¬ 
cluded very economically. 


Speed Controller System 
for a DC Motor 

Fig. 633 illustrates the use of the 
CA3094 in a motor-speed controller 
system. Circuitry associated with 
rectifiers Di and comprises a full- 
wave rectifier which develops a train 
of half-sinusoid voltage pulses to 
power the dc motor. The motor speed 
depends on the peak value of the 
half-sinusoids and the period of time 
(during each half-cycle) the SCR is 
conductive. The SCR conduction, in 
turn, is controlled by the time dura¬ 
tion of the positive signal supplied 
to the SCR by the phase comparator. 


that of a fixed-amplitude ramp wave 
generated synchronously with the ac- 
line-voltage frequency. The com¬ 
parator output at terminal 6 is 
“high'' (to trigger the SCR into con¬ 
duction) during the period when the 
ramp potential is less than that of 
the error voltage on terminal 3. The 
motor-current conduction period is 
increased as the error voltage at 
terminal 3 is increased in the posi¬ 
tive direction. Motor-speed accuracy 
of ±1 per cent is easily obtained 
with this system. 

Motor-Speed Error Detector—Fig. 

634(a) shows a motor-speed error 
detector suitable for use with the 
circuit of Fig. 633. A CA3080 opera¬ 
tional transconductance amplifier is 
used as a voltage comparator. The 
reference for the comparator is es¬ 
tablished by setting the potentiome¬ 
ter R so that the voltage at terminal 
3 is more positive than that at termi- 



* THIS LEVEL WILL VARY DEPENDING ON MOTOR SPEED. 
(SEE TEXT) (b) 
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Fig. 633 — Motor-speed controller system. 


The magnitude of the positive dc 
voltage supplied to terminal 3 of 
the phase comparator depends on 
motor-speed error as detected by a 
circuit such as that shown in Fig. 
634. This dc voltage is compared to 


nal 2 when the motor speed is too 
low. An error voltage Ei is derived 
from a tachometer driven by the 
motor. When the motor speed is too 
low, the voltage at terminal 2 of the 
voltage comparator is less positive 
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RECTIFIED AND FILTERED 
SIGNAL DERIVED FROM 
TACHOMETER DRIVEN BY 
MOTOR BEING CONTROLLED 


(a) VOLTAGE COMPARATOR 


eoutC'high") 
MOTOR SPEED 
SLOW 


-—PROPORTIONAL BANDWIDTH" 

MOTOR SPEED 
FAST 


^OUT 

“("low") 


(b) 
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Fig. 634 — Motor-speed error detector. 


than that at terminal 3, and the out¬ 
put voltage at terminal 6 goes 
“high’’. When the motor speed is too 
high, the opposite input conditions 
exist, and the output voltage at 
terminal 6 goes “low”. Fig. 634(b) 
also shows these conditions graph¬ 
ically, with a linear transition region 
between the “high” and “low” output 


levels. This linear transition region 
is known as “proportional band¬ 
width”. The slope of this region is 
determined by the proportional 
bandwidth control to establish the 
error-correction response time. 

Synchronous Ramp Generator- 
Fig. 635 shows a schematic diagram 


+ I5V 



Fig. 635—Synchronous ramp generator with input and output waveforms. 
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and signal waveforms for a S5nni- 
chronous ramp generator suitable 
for use with the motor-controller cir¬ 
cuit shown in Fig. 633. Terminal 3 is 
biased at approximately -f2.7 volts 
(above the negative supply voltage). 
The input signal Ein at terminal 2 
is a sample of the half-sinusoids (at 
line frequency) used to power the 
motor in Fig. 633. A synchronous 
ramp signal is produced by using 
the CA3094 to charge and discharge 
capacitor Ci in response to the syn¬ 
chronous toggling of Ein. The charg¬ 
ing current for Ci is supplied by 
terminal 6. When terminal 2 swings 
more positive than terminal 3, capa¬ 
citor Cl discharges linearly through 
the external diode Ds and the CA3094 
to produce the ramp wave. The Eout 
signal is supplied to the phase com¬ 
parator shown in Fig. 633. 


Speed Controls for 
Universal Motors 

Many fractional-horsepower motors 
are series-wound ‘‘universal” motors, 
so named because of their ability to 
operate directly from either ac 
or dc power sources. Fig. 636 is a 
schematic of this type of motor 
operated from an ac supply. Because 
most domestic applications today 
require 60-Hz power, universal 
motors are usually designed to have 
optimum performance characteris¬ 
tics at this frequency. Most universal 
motors run faster at a given dc 
voltage than at the same 60-Hz ac 
voltage. 

The field winding of a universal 
motor, whether distributed or lumped 
(salient pole), is in series with the 
armature and external circuit, as 
shown in Fig. 636. The current 
through the field winding produces 
a magnetic field which cuts across 
the armature conductors. The action 
of this field in opposition to the field 
set up by the armature current sub¬ 
jects the individual conductors to 
a lateral thrust which results in 
armature rotation. 


I—:-MOTOR TERMINALS- 

* - 




FIELD WINDING 


AC 


ARMATURE 


SUPPLY 


EXTERNAL 

CONTROL 

CIRCUIT 
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Fig. 636 — Series-wound universal motor. 


AC operation of a universal motor 
is possible because of the nature of 
its electrical connections. As the ac 
source voltage reverses every half¬ 
cycle, the magnetic field produced 
by the field winding reverses its di¬ 
rection simultaneously. Because the 
armature windings are in series with 
the field windings through the 
brushes and commutating segments, 
the current through the armature 
winding also reverses. Because both 
the magnetic field and armature cur¬ 
rent are reversed, the direction of 
the lateral thrust on the armature 
windings remains constant. Typical 
performance characteristic curves 
for a universal motor are shown in 
Fig. 637. 



Fig. 637—Typical performance curves for 
a universal motor. 

One of the simplest and most effi¬ 
cient means of varying the im¬ 
pressed voltage to a load on an ac 
power system is by control of the 
conduction angle of a thyristor 
placed in series with the load. Typi¬ 
cal curves showing the variation of 
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motor speed with conduction angle 
for both half-wave and full-wave 
impressed motor voltages are illus¬ 
trated in Fig. 638. 



92CS-26330 

Fig. 638—Typical performance curves for 
a universal motor with phase-angle control. 

Half-Wave Control—There are 
many good circuits available for 
half-wave control of universal 
motors. The circuits are divided into 
two classes; regulating and non¬ 
regulating. Regulation in this in¬ 
stance implies load sensing and 
compensation of the system to pre¬ 
vent changes in motor speed. 

The half-wave proportional con¬ 
trol circuit shown in Fig. 639 is a 


UNIVERSAL MOTOR 



Fig. 639 — Half-wave motor control with 
no regulation. 

non-regulating circuit that depends 
upon an RC delay network for gate 
phase-lag control. This circuit is 
better than simple resistance firing 
circuits because the phase-shifting 
characteristics of the RC network 


permit the firing of the SCR beyond 
the peak of the impressed voltage, 
resulting in small conduction angles 
and very slow speed. 

Fig. 640 shows a fundamental cir¬ 
cuit of direct-coupled SCR control 
with voltage feedback. This circuit 
is highly effective for speed control 
of universal motors. The circuit 
makes use of the counter emf in¬ 
duced in the rotating armature be¬ 
cause of the residual magnetism in 
the motor on the half-cycle when 
the SCR is blocking. 

The counter emf is a function of 
speed and, therefore, can be used 
as an indication of speed changes 
as mechanical load varies. The gate¬ 
firing circuit is a resistance network 
consisting of Ri and R 2 . During the 
positive half-cycle of the source 
voltage, a fraction of the voltage is 
developed at the center-tap of the 
potentiometer and is compared with 
the counter emf developed in the 
rotating armature of the motor. 
When the bias developed at the gate 
of the SCR from the potentiometer 
exceeds the counter emf of the 
motor, the SCR fires. AC power is 
then applied to the motor for the 
remaining portion of the positive 
half-cycle. Speed control is accom¬ 
plished by adjustment of poten¬ 
tiometer Ri. If the SCR is fired 
early in the cycle, the motor oper¬ 
ates at high speed because essen¬ 
tially the full rated line voltage is 
applied to the motor. If the SCR 
is fired later in the cycle, the aver¬ 
age value of voltage applied to the 
motor is reduced, and a correspond¬ 
ing reduction in motor speed occurs. 
On the negative half-cycle, the SCR 
blocks voltage to the motor. The 
voltage applied to the gate of the 
SCR is a sine wave because it is 
derived from the sine-wave line 
voltage. The minimum conduction 
angle occurs at the peak of the sine 
wave and is restricted to 90 de¬ 
grees. Increasing conduction angles 
occur when the gate bias to the 
SCR is increased to allow firing at 
voltage values which are less than 
the peak value. 
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Fig. 640 — Half-wave motor control with 
regulation. 


At no load and low speed, skip 
cycling operation occurs. This type 
of operation results in erratic motor 
speeds. Because no counter EMF is 
induced in the armature when the 
motor is standing still, the SCR will 
fire at low bias-potentiometer set¬ 
tings and causes the motor to accel¬ 
erate to a point at which the counter 
emf induced in the rotating arma¬ 
ture exceeds the gate firing bias of 
the SCR and prevents the SCR from 
firing. The SCR is not able to fire 
again until the speed of the motor 
has reduced, as a result of friction 
losses, to a value at which the in¬ 
duced voltage in the rotating arma¬ 
ture is less than the gate bias. At 
this time the SCR fires again. Be¬ 
cause the motor deceleration occurs 
over a number of cycles, there is 
no voltage applied to the motor; 
hence, the term skip-cycling. 

When a load is applied to the 
motor, the motor speed decreases and 
thus reduces the counter emf in¬ 
duced in the rotating armature. With 
a reduced counter emf, the SCR fires 
earlier in the cycle and provides in¬ 
creased motor torque to the load. 
Fig. 640 also shows variations of 


conduction angle with changes in 
counter emf. The counter emf ap¬ 
pears as a constant voltage at the 
motor terminals when the SCR is 
blocking. 

If a universal motor is operated 
at low speed under a heavy me¬ 
chanical load, it may stall and cause 
heavy current flow through the SCR. 
For this reason, low-speed heavy¬ 
load conditions should be allowed to 
exist for only a few seconds to pre¬ 
vent possible circuit damage. In any 
case, fuse ratings should be care¬ 
fully determined and observed. 

Nameplate data for some universal 
motors are given in developed horse¬ 
power to the load. This mechanical 
designation can be converted into 
its electrical current equivalent 
through the following procedure. 

Internal motor losses are taken 
into consideration by assigning a 
figure of merit. This figure, 0.5, rep¬ 
resents motor operation at 50-per¬ 
cent efficiency, and indicates that 
the power input to the motor is 
twice the power delivered to the 
load. With this figure of merit and 
the input voltage Vac, the rms input 
current to the motor can be calcu¬ 
lated as follows: 

rms current =: 

mechanical horsepower x 746 
0.5 Vac 

For an input voltage of 120 volts, 
the rms input current becomes 

rms current == horsepower X 12.4 

For an input voltage of 240 volts, 
the rms input current becomes 

rms current = horsepower X 6.2 

The motor-control circuits de¬ 
scribed above should not be used 
with universal motors that have cal¬ 
culated rms current exceeding the 
values given. The circuits will ac¬ 
commodate universal motors with 
ratings up to % horsepower at 120 
volts input and up to IV 2 horse¬ 
power at 240 volts input. 
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Full-Wave Control—In applications 
in which the hysteresis effect can 
be tolerated or which require speed 
control primarily in the medium to 
full-power range, a single-time-con¬ 
stant circuit such as that shown in 
Fig. 629 for induction motors can 
also be used for universal, motors. 
However, it is usually desirable to 
extend the range of speed control 
from full-power on to very low con¬ 
duction angles. The double-time-con- 
stant circuit shown in Fig. 641 pro- 


In the power-control circuits de¬ 
scribed, the integrated-circuit zero- 
voltage switch is used as the trigger 
circuit for the power triacs. The fol¬ 
lowing conditions are also imposed 
in the design of the triac control 
circuits: 

1. The load should be connected in 
a three-wire configuration with the 
triacs placed external to the load; 
either delta or wye arrangements 
may be used. Four-wire loads in wye 
configurations can be handled as 
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0.22fiF, 400V 
T2700D 


Fig. 641—Universal motor speed control. 


vides the delay necessary to trigger 
the triac at very low conduction 
angles with a minimum of hystere¬ 
sis, and also provides practically 
full power to the load at the mini¬ 
mum-resistance position of the con¬ 
trol potentiometer. When this type 
of control circuit is used, an infinite 
range of motor speeds can be ob¬ 
tained from very low to full-power 
speeds. 


TRIAC POWER CONTROLS FOR 
THREE-PHASE SYSTEMS 

This section describes recom¬ 
mended configurations for power- 
control circuits intended for use with 
both inductive and resistive balanced 
three-phase loads. The specific de¬ 
sign requirements for each type of 
loading condition are discussed. 


three independent single-phase sys¬ 
tems. Delta configurations in which 
a triac is connected within each phase 
rather than in the incoming lines can 
also be handled as three independent 
single-phase systems. 

2. Only one logic command signal 
is available for the control circuits. 
This signal must be electrically iso¬ 
lated from the three-phase power 
system. 

3. Three separate triac gating sig¬ 
nals are required. 

4. For operation with resistive 
loads, the zero-voltage switching 
technique should be used to mini¬ 
mize any radio-frequency interfer¬ 
ence (RFI) that may be generated. 


Isolation of DC Logic Circuitry 

As explained earlier, isolation of 
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the dc logic circuitry * from the ac 
line, the triac, and the load circuit is 
often desirable even in many single¬ 
phase power-control applications. In 
control circuits for polyphase power 
systems, however, this type of isola- 


The dc logic circuitry provides the 
low-level electrical signal that dictates the 
state of the load. For temperature controls, 
the dc logic circuitry includes a tempera¬ 
ture sensor for feedback. The RCA inte¬ 
grated-circuit zero-voltage switch, when 
operated in the dc mode with some addi¬ 
tional circuitry, can replace the dc logic 
circuitry for temperature controls. 


tion is essential, because the common 
point of the dc logic circuitry cannot 
be referenced to a common line in all 
phases. 

In the three-phase circuits de¬ 
scribed in this section, photo-optic 
techniques (i.e., photo-coupled iso¬ 
lators) are used to provide the elec¬ 
trical isolation of the dc logic com¬ 
mand signal from the ac circuits 
and the load. The photo-coupled iso¬ 
lators consist of an infrared light- 
emitting diode aimed at a silicon 
photo transistor, coupled in a com¬ 
mon package. The light-emitting 
diode is the input section, and the 
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Fig. 642—Voltage phase relationship for a three-phase resistive load when the application 
of load power is controlled by zero-voltage switching: (a) voltage waveforms, (b) load- 
circuit orientation of voltages. (The dashed lines indicate the normal relationship of the 
phases under steady-state conditions. The deviation at start-up and turn-off should be 

noted.) 
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photo transistor is the output sec¬ 
tion. The two components provide a 
voltage isolation typically of 1500 
volts. Other isolation techniques, 
such as pulse transformers, magne¬ 
toresistors, or reed relays, can also 
be used with some circuit modifica¬ 
tions. 


Resistive Loads 

Fig. 642 (shown on page 511) illus¬ 
trates the basic phase relationships 
of a balanced three-phase resistive 
load, such as may be used in heater 
applications, in which the applica¬ 
tion of load power is controlled by 
zero-voltage switching. The follow¬ 
ing conditions are inherent in this 
type of application: 

1. The phases are 120 degrees 
apart; consequently, all three phases 
cannotJbe switched on simultaneously 
at zero voltage. 

2. A single phase of a wye configu¬ 


ration type of three-wire system can¬ 
not be turned on. 

3. Two phases must be turned on 
for initial starting of the system. 
These two phases form a single¬ 
phase circuit which is out of phase 
with both of its component phases. 
The single-phase circuit leads one 
phase by 30 degrees and lags the 
other phase by 30 degrees. 

These conditions indicate that in 
order to maintain a system in which 
no appreciable RFI is generated by 
the switching action from initial 
starting through the steady-state 
operating condition, the system must 
first be turned on, by zero-voltage 
switching, as a single-phase circuit 
and then must revert to synchro¬ 
nous three-phase operation. 

Fig. 643 shows a simplified circuit 
configuration of a three-phase heater 
control that employs zero-voltage 
synchronous switching in the steady- 
state operating condition, with ran¬ 
dom starting. In this system, the 



Fig. 643—Simplified diagram of a three-phase heater control that employs zero-voltage 
synchronous switching in the steady-state operating conditions {continued on page 513). 
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logic command to turn on the sys- 
tern is given when heat is required, 
and the command to turn off the 
system is given when heat is not re¬ 
quired. Time proportioning heat con¬ 
trol is also possible through the use 
of logic commands. 

The three photo-coupled inputs to 
the three zero-voltage switches 
change state simultaneously in re¬ 
sponse to a “logic command”. The 
zero-voltage switches then provide a 
positive pulse, approximately 100 
microseconds in duration, only at a 
zero-voltage crossing relative to their 
particular phase. A balanced three- 
phase sensing circuit is set up with 
the three zero-voltage switches each 
connected to a particular phase on 
their common side (terminal 7) and 
referenced at their high side (termi¬ 
nal 5), through the current-limiting 
resistors R 4 , Rs, and Rg, to an es¬ 
tablished artificial neutral point. 
This artificial neutral point is elec¬ 


30 INPUT 



trically equivalent to the inaccessibl 
neutral point of the wye type 0 
three-wire load and, therefore, i 
used to establish the desired phas 
relationships. The same artificis 
neutral point is also used to establis 
the proper phase relationships for 
delta type of three-wire load. Be 
cause only one triac is pulsed on a 
a time, the diodes (Di, D 2 , and Da 
are necessary to trigger the oppe 
site-polarity triac, and, in this waj 
to assure initial latching-on of th 
system. The three resistors (Ri, R 
and Ra) are used for current limitin 
of the gate drive when the opposite 
polarity triac is triggered on by th 
line voltage. 

In critical applications that re 
quire suppression of all generate 
RFI, the circuit shown in Fig. 64 
may be used. In addition to syn 
chronous steady-state operating con 
ditions, this circuit also incorporate 
a zero-voltage starting circuit. Th 



Fig. 643—Simplified diagram of a three-phase heater control that employs zero-voltag 
synchronous switching in the steady-state operating conditions (continued from page 512] 
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"ig. 644 — Three-phase power control that employs zero-voltage synchronous switching 
both for steady-state operation and for starting (continued on page 515). 
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Fig. 644 — Three-phase power control that employs zero-voltage synchronous switching 
both for steady-state operation and for starting (continued from page 514). 
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start-up condition is zero-voltage 
synchronized to a single-phase, 2- 
wire, line-to-line circuit, comprised 
of phases A and B. The logic com¬ 
mand engages the single-phase 
start-up zero-voltage switch and 
three-phase photo-coupled isolators 
OCI-3, OCI-4, OCI-5 through the 
photo-coupled isolators OCI-1 and 
OCI-2. The single-phase zero-voltage 
switch, which is synchronized to 
phases A and B, starts the system 
at zero voltage. As soon as start-up 
is accomplished, the three photo- 
coupled isolators OCI-3, OCI-4, and 
OCI-5 take control, and three-phase 
synchronization begins. When the 


‘^logic command’’ is turned off, all 
control is ended, and the triacs au¬ 
tomatically turn off when the sine- 
wave current decreases to zero. Once 
the first phase turns off, the other 
two will turn off simultaneously, 90° 
later, as a single-phase line-to-line 
circuit, as is apparent from Fig. 642. 

Inductive Loads 

For inductive loads, zero-voltage 
turn-on is not generally required be¬ 
cause the inductive current cannot 
increase instantaneously; therefore, 
the amount of RFI generated is usu¬ 
ally negligible. Also, because of the 


8K 



Fig. 645—Triac three-phase control circuit for an inductive load, i.e., three-phase motor 

(continued on page 517). 
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lagging nature of the inductive cur¬ 
rent, the triacs cannot be pulse- 
fired at zero voltage. There are sev¬ 
eral ways in which the zero-voltage 
switch may be interfaced to a triac 
for inductive-load applications. The 
most direct approach is to use the 
zero-voltage switch in the dc mode, 
i.e., to provide a continuous dc out¬ 
put instead of pulses at points of 
zero-voltage crossing. This mode of 
operation is accomplished by con¬ 
nection of terminal 12 to terminal 7, 
as shown in Fig. 645. The output of 


517 

the zero-voltage switch should also 
be limited to approximately 5 milli- 
amperes in the dc mode by the 750- 
ohm series resistor. Use of a triac 
such as the T2301D is recommended 
for this application. Terminal 3 is 
connected to terminal 2 to limit the 
steady-state power dissipation within 
the zero-voltage switch. For most 
three-phase inductive load applica¬ 
tions, the current-handling capability 
of the T2301D triac (2.5 amperes) 
is not sufficient. Therefore, the 
T2301D is used as a trigger triac 


220 V 
30 INPUT 



Fig. 645—Triac three-phase control circuit for an inductive load, i.e., three-phase motor 
(continued from page 516). 
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to turn on any other currently avail¬ 
able power triac that may be used. 
The trigger triac is used only to 
provide trigger pulses to the gate 
of the power triac (one pulse per 
half cycle); the power dissipation in 
this device, therefore, will be mini¬ 
mal. 


Simplified circuits using pulse 
transformers and reed relays will 
also work quite satifactorily in this 
type of application. The RC net¬ 
works across the three power triacs 
are used for suppression of the com¬ 
mutating dv/dt when the circuit op¬ 
erates into inductive loads. 
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TV Deflection Systems 


■pOR reproduction of a transmitted 

picture in a television receiver, the 
face of a cathode-ray tube is scanned 
with an electron beam while the in¬ 
tensity of the beam is varied to con¬ 
trol the emitted light at the phosphor 
screen. The scanning is synchronized 
with a scanned image at the TV trans¬ 
mitter, and the black-through-white 
picture areas of the scanned image 
are converted into an electrical sig¬ 
nal that controls the intensity of the 
electron beam in the picture tube at 
the receiver. 

SCANNING FUNDAMENTALS 

The scanning procedure used in 
the United States employs hori¬ 
zontal linear scanning in an odd¬ 
line interlaced pattern. The standard 
scanning pattern for television sys¬ 
tems includes a total of 525 horizon¬ 
tal scanning lines in a rectangular 
frame having an aspect ratio of 4 to 
3. The frames are repeated at a rate 
of 30 per second, with two fields inter¬ 
laced in each frame. The first field in 
each frame consists of all odd-number 
scanning lines, and the second field 
in each frame consists of all even- 


number scanning lines. The field repe 
tition rate is thus 60 per second, an 
the vertical scanning rate is 60 H; 
(For color systems, the verticj 
scanning rate is 59.94 Hz.) 

The geometry of the standard ode 
line interlaced scanning pattern i 
illustrated in Fig. 646. The scannin 
beam starts at the upper left come 
of the frame at point A, and sweef 
across the frame with uniform v( 
locity to cover all the picture eh 
ments in one horizontal line. At th 
end of each trace, the beam is rapidl 
returned to the left side of the fram< 
as shown by the dashed line, to begi 
the next horizontal line. The horizor 
tal lines slope downward in the d: 
rection of scanning because th 
vertical deflecting signal simultane 
ously produces a vertical scannin 
motion, which is very slow compare 
with the horizontal scanning speec 
The slope of the horizontal line trac 
from left to right is greater than th 
slope of the retrace from right to lei 
because the shorter time of the rc 
trace does not allow as much tim 
for vertical deflection of the bean 
Thus, the beam is continuously an 
slowly deflected downward as it scan 
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Fig. 646—The odd-line interlaced scanning procedure. 
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the horizontal lines, and its position 
is successively lower as the horizon¬ 
tal scanning proceeds. 

At the bottom of the field, the ver¬ 
tical retrace begins, and the beam is 
brought back to the top of the frame 
to begin the second or even-number 
field. The vertical ‘‘flyback^^ time is 
very fast compared to the trace, but 
is slow compared to the horizontal 
scanning speed; therefore, some hori¬ 
zontal lines are produced during the 
vertical fiyback. 

All odd-number fields begin at 
point A in Fig. 646 and are the same 
All even-number fields begin at point 
C and are the same. Because the be¬ 
ginning of the even-field scanning at 
C is on the same horizontal level as 
A, with a separation of one-half line, 
and the slope of all lines is the same, 
the even-number lines in the even 
fields fall exactly between the odd- 
number lines in the odd field. 


Sync Pulses 

In addition to picture information, 
the composite video signal from the 
video detector of a television receiver 
contains timing pulses to assure that 
the picture is produced on the face¬ 
plate of the picture tube at the right 
instant and in the right location. 
These pulses, which are called sync 
pulses, control the horizontal and 
v^ertical scanning generators of the 
receiver. 

Fig. 647 shows a portion of the de¬ 
tected video signal. When the picture 
is bright, the amplitude of the signal 
is low. Successively deeper grays are 


represented by higher amplitudes 
until, at the “blanking level” shown 
in the diagram, the amplitude repre¬ 
sents a complete absence of light. 
This “black level” is held constant at 
a value equal to 75 per cent of the 
maximum amplitude of the signal 
during transmission. The remaining 
25 per cent of the signal amplitude 
is used for synchronization informa¬ 
tion. Portions of the signal in this 
region (above the black level) can¬ 
not produce light. 

In the transmission of a television 
picture, the camera becomes inactive 
at the conclusion of each horizontal 
line and no picture information is 
transmitted while the scanning beam 
is retracing to the beginning of the 
next line. The scanning beam of the 
receiver is maintained at the black 
level during this retrace interval by 
means of the blanking pulse shown 
in Fig. 647. Immediately after the 
beginning of the blanking period, the 
signal amplitude rises further above 
the black level to provide a horizon¬ 
tal-synchronization pulse that ini¬ 
tiates the action of the horizontal 
scanning generator. When the bot¬ 
tom line of the picture is reached, a 
similar vertical-synchronization pulse 
initiates the action of the vertical 
scanning generator to move the 
scanning spot back to the top of the 
pattern. 


Sync Separation 

The sync pulses in the composite 
video signal are separated from the 
picture information in a sync-sepa- 
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Fig. 647—Detected video signal. 
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rator stage, as shown in Figs. 648 
and 649. This stage is biased suffi¬ 
ciently beyond cutoff so that current 
flows and an output signal is pro¬ 
duced only at the peak positive 
swing of the input signal. In the 
diode circuit of Fig. 648, nega¬ 
tive bias for the diode is de¬ 
veloped by R and C as a result 
of the flow of diode current on the 
positive extreme of signal input. The 
bias automatically adjusts itself so 



Fig. 648—Diode sync-separator circuit. 

that the peak positive swing of the 
input signal drives the anode of the 
diode positive and allows the flow 
of current only for the sync pulse. 
In the circuit shown in Fig. 649, 
the base-emitter junction of the 
transistor functions in the same 
manner as the diode in Fig. 648, 
but in addition the pulses are am¬ 
plified. 


Rl b+ 



Fig. 649—Transistor sync-separator circuit. 

After the synchronizing signals 
are separated from the composite 
video signal, it is necessary to filter 
out the horizontal and vertical sync 
signals so that each can be applied 
to its respective deflection generator. 
This filtering is accomplished by RC 


circuits designed to filter out all but 
the desired synchronizing signals. 
Although the horizontal, vertical, and 
equalizing pulses are all rectangular 
pulses of the same amplitude, they 
differ in frequency and pulse width, 
as shown in Fig. 650. The horizontal 
sync pulses have a repetition rate 
of 15,750 per second (one for each 
horizontal line) and a pulse width 
of 5.1 microseconds. (For cclor sys¬ 
tem, the repetition rate of the hori¬ 
zontal sync pulses is 15,734 per 
second.) The equalizing pulses have 
a width approximately half the 
horizontal pulse width, and a repe¬ 
tition rate of 31,500 per second; they 
occur at half-line intervals, with six 
pulses immediately preceding and 
six following the vertical synchro¬ 
nizing pulse. The vertical pulse is 
repeated at a rate of 60 per second 
(one for each field), and has a width 
of approximately 190 microseconds. 
The serrations in the vertical pulse 
occur at half-line intervals, dividing 
the complete pulse into six individual 
pulses that provide horizontal syn¬ 
chronization during the vertical re¬ 
trace. (Although the picture is 
blanked out during the vertical re¬ 
trace time, it is necessary to keep 
the horizontal scanning generator 
synchronized.) 

All the pulses described above are 
produced at the transmitter by the 
synchronizing-pulse generator; their 
waveshapes and spacings are held 
within very close tolerances to pro¬ 
vide the required synchronization of 
receiver and transmitter scanning. 

The horizontal sync signals are 
separated from the total sync in a 
differentiating circuit that has a 
short time constant compared to the 
width of the horizontal pulses. When 
the total sync signal is applied to 
the differentiating circuit shown in 
Fig. 651, the capacitor charges com¬ 
pletely very soon after the leading 
edge of each pulse, and remains 
charged for a period of time equal 
to practically the entire pulse width. 
When the applied voltage is removed 
at the time corresponding to the 
trailing edge of each pulse, the capa- 
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HORIZ. EQUALIZING 

PULSES PULSES VERTICAL PULSE LEADING 



5.1 MS 


Fig. 650—Waveform of TV synchronizing pulses (H = horizontal line period of 1/15,750 

seconds, or 63.5 ns). 


citor discharges completely within 
a very short time. As a result, a 
positive peak of voltage is obtained 
for each leading edge and a negative 
peak for the trailing edge of every 
pulse. One polarity is produced by 
the charging current for the leading 
edge of the applied pulse, and the 
opposite polarity is obtained from 
the discharge current corresponding 
to the trailing edge of the pulse. 

As mentioned above, the serrations 
in the vertical pulse are inserted 
to provide the differentiated output 
needed to synchronize the horizontal 
scanning generator during the time 
of vertical synchronization. During 
the vertical blanking period, many 
more voltage peaks are available 
than are necessary for horizontal 
synchronization (only one pulse is 
used for each horizontal line period). 
The check marks above the differen¬ 
tiated output in Fig. 651 indicate the 
voltage peaks used to synchronize 


the horizontal deflection generator 
for one field. Because the sync sys¬ 
tem is made sensitive only to positive 
pulses occurring at approximately 
the right horizontal timing, the nega¬ 
tive sync pulses and alternate dif¬ 
ferentiated positive pulses produced 
by the equalizing pulses and the ser¬ 
rated vertical information have no 
effect on horizontal timing. It can be 
seen that although the total sync 
signal (including vertical synchro¬ 
nizing information) is applied to the 
circuit of Fig. 651, only horizontal 
synchronization information appears 
at the output. 

The vertical sync signal is sepa¬ 
rated from the total sync in an inte¬ 
grating circuit which has a time 
constant that is long compared with 
the duration of the 5-microsecond 
horizontal pulses, but short compared 
with the 190-microsecond vertical 
pulse width. Fig. 652 shows the gen¬ 
eral circuit configuration used, to- 


HORIZ. EQUALIZING VERTICAL EQUALIZING HORIZ. 

PULSES PULSES PULSE PULSES PULSES 


‘juLwmmnjmmLiJ 



Fig. 651—Separation of the horizontal sync signals from the total sync by a differenti¬ 
ating circuit. 
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gether with the input and output 
signals for both odd and even fields. 
The period between horizontal pulses, 
when no voltage is applied to the RC 
circuit, is so much longer than the 
horizontal pulse width that the capa¬ 
citor has time to discharge almost 
down to zero. When the vertical pulse 
is applied, however, the integrated 
voltage across the capacitor builds 
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Fig. 652—Separation of vertical sync sig¬ 
nals from the total sync for odd and even 
fields with no equalizing pulses. (Dashed 
line indicates triggering level for vertical 
scanning generator.) 


up to the value required for trigger¬ 
ing the vertical scanning generator. 
This integrated voltage across the 
capacitor reaches its maximum am¬ 
plitude at the end of the vertical 
pulse, and then declines practically 
to zero, producing a pulse of the tri¬ 
angular wave shape shown for 
the complete vertical synchronizing 
pulse. Although the total sync sig¬ 
nal (including horizontal informa¬ 
tion) is applied to the circuit of Pig. 
649, therefore, only vertical synchro¬ 
nization information appears at the 
output. 

The vertical synchronizing pulses 
are repeated in the total sync signal 
at the field frequency of 60 per sec¬ 
ond (59.94 per second in color sys¬ 
tems). Therefore, the integrated out¬ 
put voltage across the capacitor of 
the RC circuit of Fig. 652 can be 
coupled to the vertical scanning 
generator to provide vertical syn¬ 


chronization. The six equalizing 
pulses immediately preceding and 
following the vertical pulse improve 
the accuracy of the vertical synchro¬ 
nization for better interlacing. The 
equalizing pulses that precede the 
vertical pulses make the average 
value of applied voltage more nearly 
the same for even and odd fields, so 
that the integrated voltage across 
the capacitor adjusts to practically 
equal values for the two fields before 
the vertical pulse begins. The equal¬ 
izing pulses that follow the vertical 
pulse minimize any difference in the 
trailing edge of the vertical synchro¬ 
nizing signal for even and odd fields. 


HORIZONTAL DEFLECTION 

The main functions of the hori¬ 
zontal-deflection system in a tele¬ 
vision receiver are to deflect the 
electron beam linearly (from left to 
right) across the picture-tube screen, 
return the beam rapidly to the left 
side of the screen, and then repeat 
the process. Fig. 653 shows an ideal¬ 
ized waveform of the current that 
passes through the horizontal-deflec- 
tion-yoke windings during one com¬ 
plete scanning cycle. As pointed out 
previously, 525 such “scanning 
lines^’ are required to produce each 
picture in a United States tele¬ 
vision system. 

In addition to beam deflection, the 
over-all horizontal system performs 
a number of auxiliary functions. 
These functions may include: 

1. Generation of the high voltage 
for the picture tube. 

2. High-voltage regulation. 

3. Scan-linearity correction. 

4. Retrace blanking. 

5. Gating signal for automatic 
gain control (age). 

6. Timing reference for automatic 
frequency control (afc). 

7. Bias voltage for grid 2 of the 
picture tube. 

8. Focus voltage for the picture 
tube. 

9. Convergence waveforms. 

10. Low-voltage supplies. 
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Fig. 653—Current waveform applied to the horizontal-yoke windings during one com- 

plete scanning cycle. 


Basic Analysis of 
Horizontal-System Switching 

In the horizontal-deflection sys¬ 
tem of a television receiver, a cur¬ 
rent I that varies linearly with time 
and has a sufficient peak-to-peak 
amplitude must be passed through 
the horizontal-deflection-yoke wind¬ 
ing to develop a magnetic field ade¬ 
quate to deflect the electron beam 
of the television picture tube. After 
the beam is deflected completely 
across the face of the picture tube, 
it must be returned very quickly to 
its starting point. (As explained pre¬ 
viously, the beam is extinguished 
during this retrace by the blanking 
pulse incorporated in the composite 
video signal, or in some cases by 
additional external blanking derived 
from the horizontal-deflection sys¬ 
tem.) 

The simplest form of a deflection 
circuit is shown in Fig. 654(a). In 
this circuit, the yoke impedance L 
is assumed to be a perfect inductor. 
When the switch S is closed, the 
yoke current starts from zero and 
increases linearly. The rate of in¬ 
crease in current (di/dt) is de¬ 
termined as follows: 

di 

dt “ L 

Integration of this equation yields 
the following expression for the in¬ 


stantaneous value of current i at 
any time t: 



If the switch is opened at t = ti, 
the current I instantly drops to 
zero from an initial value deter¬ 
mined as follows: 



Although the simple circuit shown 
in Fig. 654(a) satisfies the basic 
requirement for horizontal beam 
deflection, it presents some serious 
problems and limitations. 

The voltage across the switch is 
given by the following equation: 



Because the rate of change in cur¬ 
rent di/dt is infinite, the voltage 
across the switch also is infinite. 

In addition, if very little of the 
total time were spent at 'zero cur¬ 
rent, the average supply current 
would be 1/2. This current would 
require a tremendous amount of dc 
power because the voltage-current 
product (E X I) for standard de¬ 
flection systems (E = 18 kilovolts 
for 110-degree U.S. black-and-white 
systems) is in the order of 300 watts. 
(The product of the peak inverse 
voltage and the peak-to-peak cur- 
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rent, which is often used to describe 
a system, is closer to 2500 watts, as 



(a) SIMPLE DEFLECTION CIRCUIT 



(b) ADDITION OF CAPACITOR 



(c) YOKE CURRENT (top) AND SWITCH VOLTAGE 
(bottom) FOR CIRCUIT (b) 



(d) YOKE CURRENT (top) AND SWITCH VOLTAGE 


(bottom) FOR SWITCH CLOSED AT t- 



(e) ADDITION OF DAMPER DIODE 
92CM-26021 

Fig. 654—Development of horizontal- 
deflection circuit. 


explained later.) In addition, the 
operation of the switch would be 
rather critical with regard to both 
its opening and its closing. 

A final limitation would be the 
fact that the deflection field would 
be poled or phased in one direction 
only, so that the beam would have 
to be centered at the extreme left 
of the screen for zero yoke current. 

If a capacitor is placed across the 
switch, the yoke current still in¬ 
creases linearly when the switch is 
closed at time t = 0. When the 
switch is opened, however, at time 
t = ti, a parallel resonant circuit is 
formed by the parallel combination 
of L and C, as shown in Fig. 
654(b). The intial conditions of this 
simple transient network are as 
follows: 

Eti 


ec = 0 

where iy is the yoke current and ec 
is the capacitor or switch voltage. 
The resulting yoke currents and 
switch voltages are shown in Fig. 
654(c). The current is maximum 
when the voltage equals zero, and 
the voltage is maximum when the 
current equals zero. The ringing 
frequency (if zero losses are as¬ 
sumed) is given by 

~ 277v'LC 

If the switch is closed again at 
any time the capacitor voltage is 
not equal to zero, an infinite switch 
current flows as a result of the ca¬ 
pacitive discharge. However, if the 
switch is closed at the precise mo¬ 
ment that the capacitor voltage 
equals zero, the capacitor current 
effortlessly transfers to the switch 
and a new transient condition re¬ 
sults, as described below. 

At the time of the proposed 
switching, time t = t 2 and the yoke 
current iy =z —I. The yoke current 
increases at the rate dictated by 
the ratio E/L, but it starts from 
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—I instead of from zero. Fig. 654(d) 
shows the yoke current and switch 
voltage waveforms. 

If the switch is again opened at 
Uf closed at ts, and so on, the de¬ 
sired sweep will result, the peak 
switch voltage will be finite, and 
the average supply current will be 
zero. The defiection system is then 
lossless and efficient. Because the 
average yoke current is also zero, 
beam decentering is avoided. 

The only fault in the final circuit 
is the critical timing of the switch, 
particularly at time t = t 2 . If the 
switch is shunted by a properly 
poled diode (the damper diode), as 
shown in Fig. 654(e), the diode acts 
as a closed switch as shown as the 
capacitor voltage reverses slightly. 
The switch may then be closed any 
time from t = ta to t = is. 

The horizontal scanning rate for 
television systems in the United 
States is 15,750 scans per second for 
black-and-white types and 15,734 
scans per second for color types. 
Obviously mechanical switches can¬ 
not operate at such high rates. In 
practice, the switch S will be an ac¬ 
tive device, such as an electron 
tube, a transistor, or a thyristor. 

Fig. 655 shows a basic horizontal 
deflection circuit that uses a tran¬ 
sistor in place of switch S. High 
voltage is generated by use of the 



Fig. 655—Simple transistor horizontal- 
deflection circuit. 


step-up transformer Ti in parallel 
with the yoke. This step-up trans¬ 
former is designed so that its leak¬ 
age inductance, distributed capaci¬ 
tance, and output stray capacitance 
complement the yoke inductance and 
retrace tuning capacitance in such 
a manner that the peak voltage 
across the primary winding is re¬ 
duced and the peak voltage across 
the secondary winding is increased, 
as compared to the values that 
would be obtained in a perfect trans¬ 
former. This technique, which is re¬ 
ferred to as third-harmonic tuning, 
yields a voltage ratio of secondary- 
to-primary peak voltage of approxi¬ 
mately 1.7 times the value expected 
in a perfect transformer. 

The following paragraphs describe 
the use of power transistors and 
thyristors (SCR's) as the main 
switching element in practical hori¬ 
zontal deflection systems. 


Transistor 

Horizontal-Deflection Circuits 

Fig. 656 shows the functional re¬ 
lationship among the various circuit 
elements of a horizontal-deflection 
circuit that uses a power transistor 
to generate the sawtooth of current 
through the deflection yoke and to 
develop the beam accelerating volt¬ 
age for the picture tube. The high- 
voltage transformer shown across 
the output stage may be used as a 
slight step-up or step-down trans¬ 
former for the picture-tube high- 
voltage supply, the yoke, the damper 
diode, the capacitor, or any com¬ 
bination of these elements. 

In the following paragraphs, the 
design factors and technical consid¬ 
erations used in the development 
of a typical horizontal-deflection- 
system circuit are explained. This 
system is assumed to provide the 
deflection energy and high voltage 
required for a 19-inch, 20-kilovolt, 
114-degree monochrome receiver 
from a power supply having a 12- 
microsecond retrace time. Basic cir¬ 
cuit configurations for practical 




TV Deflection Systems 


527 



92CS-26023 


Fig. 656—Block diagram of a transistor 
horizontal-deflection system. 

horizontal-deflection systems for 
both monochrome and color tele¬ 
vision receivers are then shown and 
analyzed. 

Voltage Considerations—For an 
idealized horizontal-deflection cir¬ 
cuit, the peak voltage E max across 
the transistor is given by 

E„ax 1.79 + 1.57 

where Tt is the scanning or trace 
time, Tr is the retrace time, and 
Edc is the supply voltage. If third- 
harmonic tuning is employed, the 
peak voltage is reduced by approxi¬ 
mately 20 per cent. 

The highest anticipated value of 
Emax is determined by use of the 
value of Edc obtained at high ac 
line voltage and at the lowest hori¬ 
zontal-oscillator frequency, i.e., the 
longest trace time. (For these con¬ 
ditions, of course, the receiver is out 
of sync.) The tolerances on the in¬ 
ductors and capacitors alter the 
trace time only slightly and usually 
may be ignored if a 10-per-cent tol¬ 
erance is used for the tuning ca¬ 
pacitor. 

When a capacitor is used in 
series with the yoke for linearity 
correction, the peak-to-peak yoke 
current and the flyback voltage are 
both increased by about 10 per cent. 
In a first-order approximation, this 
effect may be ignored if the system 
is designed without S-shaping. If 
shaping is employed, however, the 
supply voltage must be reduced by 



5 to 10 per cent to restore the scan 
conditions originally observed. 

An abnormality that must be con¬ 
sidered is high-voltage arcing. Fig. 
657 shows the normal transistor 
load for third-harmonic tuning of 
the flyback transformer in which the 
leakage inductance, secondary-wind¬ 
ing capacitances, and anode stray 
capacitances are reflected to the pri¬ 
mary. In a properly designed sys¬ 
tem, the leakage inductance is about 
one-half the shunt inductance (yoke 
plus flyback primary inductance). 

When a high-voltage arc occurs, 
the secondary is momentarily 
shorted, placing the leakage induct¬ 
ance in parallel with the shunt in¬ 
ductance. As a result, the peak 
collector current is increased by a 
factor of about three, and the re¬ 
trace time is decreased by a factor 
of about two (if the transistor is 
still operating as an ideal switch). 



HIGH VOLTAGE 
REFERRED TO 
PRIMARY 
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Fig. 657—Equivalent output circuit for 
third-harmonic tuning (referred to pri¬ 
mary side.) 


Because the flyback voltage would 
then be increased by a factor of 2.5, 
avalanche breakdown occurs at a 
high current level, second break¬ 
down is initiated, and the transistor 
is destroyed. Since occasional high- 
voltage arcing is unavoidable in the 
picture-tube gun, the output tran¬ 
sistor must be protected. 

If a diode and capacitor are con¬ 
nected in series and placed across 
the transistor, the flyback pulse is 
clamped at a level equal to the 
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normal peak value when a high- 
voltage arc occurs. When the arc¬ 
ing is sustained long enough for an 
appreciable increase in the capaci¬ 
tor voltage, the increased drain 
(caused by the very high peak col¬ 
lector current) opens a fuse in the 
B-supply, and the transistor is ade¬ 
quately protected. A bleeder resistor 
is placed across the capacitor to pro¬ 
tect against intermittent arcs. This 
circuit also protects against several 
other types of high-voltage short 
circuits. 

Another method used to reduce 
the effect of high-voltage arcing is 
to make the leakage inductance of 
the secondary very high compared 
to the shunt inductance by design¬ 
ing the secondary to resonate at the 
fundamental frequency (15 kHz). 
In addition to protection during 
high-voltage arcs, this method re¬ 
duces peak collector current (caused 
by higher primary inductance) and 
also facilitates manufacture of the 
flyback transformer. 

There are several disadvantages, 
however. Because the flyback pri¬ 
mary current is very high and cir¬ 
culates at all times (as opposed to 
the case of third-harmonic tuning), 
very high primary and secondary 
losses occur. In addition, the mag¬ 
netic field of the transformer is 
quite high and causes interference 
problems in the rest of the receiver. 
It also becomes difficult to enclose 
the transformer in a cage without 
causing an excessive shorted-turn 
problem because the cage is mag¬ 
netically coupled. 

A third and rather significant 
disadvantage is the high peak-to- 
peak secondary voltage developed 
for a given value of dc high voltage. 
In third-harmonic tuning, the sec¬ 
ondary voltage waveform exhibits 
a narrow spike for approximately 
10 per cent of the cycle and a low 
constant voltage for the remainder 
of the cycle. As a result, the peak- 
inverse rating on the high-voltage 
rectifier is approximately 1.1 times 
the dc high voltage developed. In the 


“fundamental-tuned” arrangement, 
the secondary voltage is nearly a 
sine wave and results in a peak- 
inverse rating on the high-voltage 
rectifier approximately twice that of 
the third-harmonic-tuned system. 

Choice of Retrace Time—The 
choice of a slightly longer retrace 
time offers the following significant 
advantages for circuit design: 

1. As retrace time is lengthened, 
the product of peak voltage and peak 
current is reduced directly. 

2. The peak stored energy, as well 
as the voltage-current product, is 
reduced because more primary in¬ 
ductance can be used in the flyback 
transformer. 

3. The retrace losses are reduced 
with the square of the retrace time. 

4. Losses in the yoke and flyback 
that result from skin effect are re¬ 
duced. 

5. The core losses in the flyback 
transformer are reduced because of 
the greater inductance. 

6. The supply voltage may be in¬ 
creased because of the lower flyback 
pulse. 

7. The flyback transformer sec¬ 
ondary becomes easier to wind. 

High-Voltage Power—High volt¬ 
age is obtained by means of a 
tertiary winding on the flyback 
transformer which through auto¬ 
transformer action steps up the yoke 
pulse to a high value. In monochrome 
receivers, the energy typically ex¬ 
tracted is seldom greater than 0.3 
millijoule for 5 watts of beam power 
and results in a typical circuit Q 
of approximately 60, if other de¬ 
generative losses are neglected. 
When an LC network is damped to 
a Q of 60, the voltage and current 
waveshapes for the first tt radians 
show very little change (except for 
phase relationship) over the infinite- 
Q condition. Therefore, the losses, 
which are determined by the voltage 
and current waveshapes, do not in¬ 
crease when beam current flows; i.e., 
5 watts of beam power reflects only 
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an added demand of 5 watts in the 
power supply. 

A further point of interest in tran¬ 
sistor deflection circuits is the ex¬ 
cellent high-voltage regulation en¬ 
countered. This improvement is the 
result of the high efficiency of these 
circuits, which keeps the extracted 
energy to a minimum and results 
in a fairly high circuit Q. As noted, 
the anode-voltage amplitude does 
not change much as energy is ex¬ 
tracted and thus accounts for good 
high-voltage regulation. 

Scan Linearity—For accurate re¬ 
production of pictures on the picture- 
tube screen, the electron beam must 
move at a linear rate across the 
faceplate of the picture tube. If 
the faceplate were a section of a 
sphere with its center at the center 
of deflection, a linear sawtooth of 
current through the deflection yoke 
would be required for linear deflec¬ 
tion. Although the faceplate is a 
section of a sphere, its radius is 
much greater than the distance to 
the center of deflection. For all prac¬ 
tical purposes, the faceplate can be 
considered as a flat plane. The dis¬ 
tance from the center of deflection 
to the faceplate, therefore, is greater 
at the edges than at the center of 
the picture tube. Consequently, a 
given amount of deflection of the 
beam at the deflection center pro¬ 
duces a greater movement of the 
electron beam on the face of the pic¬ 
ture tube. For this reason, the re¬ 
quired current waveform through 
the deflection yoke should be some¬ 
what ‘'S’’-shaped rather than an ab¬ 
solutely linear sawtooth. Much of 
this S-shaping is accomplished by 
the capacitor connected in series 
with the yoke. At the start of trace 
(left side of the picture), maxi¬ 
mum energy is stored in the yoke. 
Current flows from the yoke into 
the S-shaping capacitor and causes 
the capacitor to charge at an ex¬ 
ponential rate. Yoke current rises 
linearly during the first half of 
trace and gradually decreases near 


the right-hand side of the screen 
as the S-shaping capacitor accumu¬ 
lates charge. However, because the 
first part of trace is linear, the left 
side of the picture will be stretched 
in comparison to the right side, and 
additional linearity correction is re¬ 
quired. 

Methods for eliminating this non¬ 
linearity include the use of a satur¬ 
able reactor in series with the yoke, 
the use of a permanent magnet near 
the yoke to distort the field, and the 
use of a damped series-resonant cir¬ 
cuit connected in parallel with the 
S-shaping capacitor and in series 
with the yoke. 

Deflection Energy Requirement— 
The peak deflection energy required 
by the yoke for complete scanning 
of picture tubes varies directly with 
the high voltage, the 5/2 power of 
the deflection angle (approxi¬ 
mately) , and the neck diameter 
(where all geometries of the yoke 
are adjusted in direct proportion). 
The peak energy required for mini¬ 
mum scanning of a 114-degree pic¬ 
ture tube having a 1-1/8-inch neck 
diameter and an anode voltage of 
20 kilovolts is 2.4 millijoules (scan 
from center to either side). 

,When full scan is obtained at 
low line voltage and at an anode 
voltage that corresponds to low line, 
the peak stored energy equals e. 
When the line voltage is increased, 
the peak energy increases in pro¬ 
portion to the square of the volt¬ 
age. If the low line voltage is 105 
volts and high line is 135 volts, the 
increase in energy is a factor of 
1.65. 

If the receiver is adjusted out of 
sync by 2 microseconds (or a 480- 
cycle pullout range), the energy, 
which is proportional to the square 
of the trace time in a fixed circuit, 
increases by a factor of 1.08. If the 
yoke is shunted by a practical fly¬ 
back transformer, the inductance is 
reduced by a factor of approxi¬ 
mately 1.3 and, therefore, the peak 
stored^ energy in the system is in- 
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creased by a factor of 1.3. When all 
three items are considered, the tran¬ 
sistor must handle 2.3 times the 
peak stored energy normally ex¬ 
pected. 

Transistor Drive Considerations— 
Transformer drive is usually em¬ 
ployed for the output transistor. 
When this type of drive is used, the 
collector load may be placed in 
series with either the collector or 
the emitter because, in either case, 
the transformer secondary appears 
from base to emitter. If the load 
is in series with the emitter (emitter 
loading), the collector is directly at 
the supply-voltage potential. If a 
positive-supply is used, the transis¬ 
tor case it at chassis potential. The 
damper diode is constructed with 
its anode at case potential so that it 
is also at chassis potential. 

This method has a disadvantage 
in that a high potential is placed 
between the primary and secondary 
windings of the driver transformer. 
Because the driver transformer is 
very tightly coupled, insulation 
breakdown must be carefully con¬ 
sidered. 

While the output stage is cut off, 
the driver stage should be conduct¬ 
ing; the transformer secondary can 
then provide any current demanded. 
(The current, however, is limited by 
the leakage inductance.) When the 
driver stage is cut off, the energy 
stored in the transformer flows in 
the secondary in the form of a con¬ 
stant current. If this mode of drive 
is employed, and if the base-to- 
emitter voltage of one transistor 
varies from that of another, the 
turn-on current still starts at the 
same value but decays at a differ¬ 
ent rate. If all charge is removed 
from the base of the output tran¬ 
sistor during turn-off, no more trans¬ 
former current is required and the 
transistor stays at a reverse-bias 
mode. 

No impedance should be placed in 
the base. Transistor interchange- 
ability is thus improved because the 
voltage level remains low enough to 


prevent breakdown of the base- 
emitter junction during the turn-off 
period. The primary and secondary 
windings of the driver transformer 
must be very tightly coupled to ob¬ 
tain a large spike Of current during 
the turn-off period (for a fast turn¬ 
off time). 

The circuit shown in Fig. 658 is 



Fig. 658—Waveforming circuit. 


used to develop the all-important 
waveshaping. The 560-ohm resistor 
in combination with the 0.05-micro¬ 
farad capacitor increases the ampli¬ 
tude and rise time of the turn-off 
base current for the first few micro¬ 
seconds. The D1201F diode, together 
with the 2700-ohm resistor and 10- 
microfarad capacitor, serves as a 
clamp circuit which assures that the 
ouput transistor is always reverse- 
biased during the entire turn-off 
period, even in the presence of high 
IcBo at several hundred volts and 
elevated temperatures. With this 
circuit, the 560-ohm, 0.05-microfarad 
combination can be optimized for 
the best turn-off time without re¬ 
gard for the remainder of the off 
signal. 

The turn-off pulse developed by 
this circuit is 3 amperes for approxi¬ 
mately 2 microseconds, followed by 
a constant voltage of approximately 
1/2 volt for 18 microseconds. The 
on-pulse then initiates at 650 milli- 
amperes and, 45 microseconds later, 
decreases to 500 milliamperes. 

Deflection Circuit for Monochrome 
Receiver—The following paragraphs 
describe a practical horizontal-de- 
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flection system for a 19-inch black- 
and-white (monochrome) television 
receiver. The deflection system oper¬ 
ates from a regulated dc supply of 
100 volts. 

The power-supply voltage of 100 
volts is decoupled to 85 volts for 
raster regulation with brightness. A 
retrace time of 14 microseconds is 
selected to present the maximum 
usable picture, although a value of 
17 microseconds could have been 
used with no sacrifice in perform¬ 
ance as compared to present-day 
receivers. 

The picture tube used, the 
19DQP4, has minimum usable 
screen dimensions of 15% inches 
horizontally and 12 inches vertically. 
These dimensions establish the 
front mask size for the cabinet and 
fix the aspect ratio at 1.26. The 
diagonal deflection angle of the 
19DQP4 is 114 degrees, and the neck 
diameter is a nominal 1% inches. 
The zero-beam accelerating potential 
is 20 kilovolts. The horizontal circuit 
should be capable of providing an 
average beam current of 400 micro¬ 
amperes with virtually no change in 
raster height or width at any bright¬ 
ness setting between zero and full 
current. An over-scan of 4 per cent 
is desired. 


Energy requirements for horizon¬ 
tal deflection show that the peak 
stored energy in the yoke must be 

2.4 milli joules to fulfill the re¬ 
quirements for the 19DQP4. If a 
trace time of 49.5 microseconds and 
a power-supply voltage of 85 volts 
are used, and if it is assumed that 
the use of ‘'S'' shaping (by use of a 
capacitor in series with the yoke) 
has the effect of increasing the scan 
by 5 to 10 per cent, the yoke induct¬ 
ance must be 1 millihenry and the 
peak-to-peak yoke current must be 

4.4 amperes. 

Driver and output circuit: The 
horizontal-drive-and-output circuit 
for the receiver is shown in Fig. 659. 
The output circuit (Qs) is basically 
a self-oscillator which requires the 
27,000-ohm resistor to initiate oscil¬ 
lation. Drive current is obtained 
through the 33-ohm resistor in paral¬ 
lel with the picture-tube heater and 
through diode Ds, and is applied 
from the feedback winding of the 
transformer Ti through the 50- 
microfarad capacitor in parallel 
with the 10-ohm resistor to the base 
of the output transistor Qs. If this 
drive circuit is correctly designed, 
transistor Qs does not come out of 
saturation during normal operation. 



Fig. 6.59—Horizontal driver and output circuit for a black-and-white television receiver. 
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When retrace is to be initiated, the 
driver transistor Qe is driven heavily 
into saturation. The drive current is 
then shunted to ground, and the 
base of transistor Qs is simultane¬ 
ously reverse-biased by means of the 
charge stored on the 50-microfarad 
capacitor. If the resistor shunting 
this capacitor is large compared to 
2 ohms, most of the drive current 
flows through the capacitor. When 
transistor Qo is saturated, therefore, 
a capacitor current of opposite po¬ 
larity results through Qo and D 4 . As 
a result, the turn-off drive to tran¬ 
sistor Qs is always a reverse-bias 
voltage equal to the forward drop 
across diode D 4 . If the value of the 
parallel resistor is made extremely 
large, the circuit may not start. 

When the output transistor Qs is 
turned off, the collector voltage 
comes out of saturation and goes 
through the normal flyback pulse. 
During this time, the feedback drive 
(already shunted to ground) de¬ 
creases and, as the collector voltage 
passes the supply voltage, a heavy 
reverse drive current results. How¬ 
ever, the driver diode Ds blocks this 
reverse current flow. Ds also per¬ 
mits the starting current (through 
the 27,00Q-ohm resistor) to flow 
through the base of Q 5 . 

The damper current flows through 
the collector-base diode of Qs in 
series with D 4 to ground. Diode D 4 
is a silicon type that has a low 
forward drop at 2 amperes and a 
minimum breakdown requirement of 
only 1 volt. It must be capable of 
dissipating 300 milliwatts. D 4 is 
called a damper diode, even though 
it only partially fulfills this func¬ 
tion. The 50-microfarad coupling ca¬ 
pacitor must have a low series re¬ 
sistance to obtain proper turn-off. 

The 100-volt supply voltage is re¬ 
duced 15 per cent at zero beam cur¬ 
rent by means of the 75-ohm de¬ 
coupling resistor. When the beam 
current is increased to 400 micro¬ 
amperes, the demand for extra 
power of 7 or 8 watts causes the 
decoupled voltage to drop. As a 
result, the high voltage and the 


scanning current decrease linearly 
with the decoupled voltage. The 
high voltage also decreases because 
of the lack of perfect high-voltage 
regulation. If the circuit is designed 
correctly, the high voltage decreases 
with the square of decoupled volt¬ 
age so that the scanning-energy re¬ 
quirement approximately tracks the 
scanning energy provided. This de¬ 
coupled voltage is also fed back to 
the vertical circuit in the size-de¬ 
termining portion of the circuit so 
that the vertical scan energy also 
tracks the high voltage as a func¬ 
tion of picture-tube average bright¬ 
ness setting. 

A separate winding on the fly¬ 
back transformer Tx provides gating 
for the age circuit. A signal taken 
from the driver diode D 5 provides 
a timing reference for the horizontal 
phase circuit (afc). A positive volt¬ 
age of approximately 500 volts is 
available from the clamp circuit 
provided by diode D? to supply bias 
to grid No. 2 or grid No. 4 of the 
picture tube. (The current drain 
should be kept below 1 milliampere.) 

Picture-tube heater power is also 
derived from the horizontal-driver 
circuit. When the receiver is first 
turned on, the base drive current to 
transistor Qs is larger than normal 
because of the thermally nonlinear 
characteristic of the heater. This 
method of providing heater power 
should prove to be satisfactory for 
long picture-tube life. However, ex¬ 
cessive heater-to-cathode capaci¬ 
tance may cause a video modulation 
in the form of a vertical line simi¬ 
lar to a drive line in tube deflection. 
No such problem has been experi¬ 
enced with the approach shown. A 
more conservative control of heater 
power may be obtained by means 
of a separate winding or by incor¬ 
poration of the heater with the age 
winding. 

The video-blanking circuit must 
be gated from the flyback trans¬ 
former Ti. A ip0,000-ohm resistor is 
fed from the collector of the output 
transistor Qs for this function. This 
resistor provides blanking when- 
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ever the collector voltage is more 
positive than 25 volts. 

The picture-tube heater has a dc 
voltage across it, together with a 
large ac voltage. After adequate de¬ 
coupling, this dc voltage provides a 
convenient source of negative po¬ 
tential to power the age and sync- 
separator circuits. 

Various forms of arcing protec¬ 
tion are provided in the horizontal 
output circuit. 

A voltage-clamp circuit is pro¬ 
vided by the clamp diode D? in con¬ 
junction with the 8-microfarad ca¬ 
pacitor. Sufficient curent drain must 
be provided across the capacitor to 
discharge it between arcs. The ca¬ 
pacitor must be large enough to 
absorb most of the energy stored by 
the picture-tube capacitance. The 
purpose of this clamp circuit is to 
assure that the transistor does not 
go into voltage breakdown during 
high-voltage arcs. 

The 75-ohm decoupling resistor 
provides raster regulation, as men¬ 
tioned previously, and also limits 
the maximum power that may be 
delivered to the entire horizontal¬ 
scanning circuit to 30 watts. 

If the output transistor Qs is 
pulled out of saturation at a high 
collector-current level as a result of 
high-voltage arcing, the feedback 
drive circuit turns off Qs and thus 
controls the transistor load line. The 
transistor turns off fairly fast under 
this condition because it is in an un¬ 
saturated state. If the driver tran¬ 
sistor Qo is turned on or off when 
Qs is reverse-biased, no change in 
state occurs because the drive is 
basically self-oscillating and tran¬ 
sistor Qo functions merely as a gate. 
If drive is available, Qo may ex¬ 
clude it. If drive is being applied, 
Qo may turn it off. However, Qo may 
not provide drive if Qs is not 
saturated. 

Although drive is available at the 
beginning of trace time, it should be 
excluded by Qo until about 5 micro¬ 
seconds prior to normal need. As a 
result, Qo should receive a drive 
pulse that saturates it for approxi¬ 


mately 30 microseconds, and turns 
it off for the remaining 34 micro¬ 
seconds. 

The clamp diode D? must not fail. 
If it does, destruction of Qo is al¬ 
most assured. 

Horizontal oscillator: Fig. 660 
shows a simplified diagram of a 
multivibrator type of horizontal- 
oscillator circuit. It should be noted 



Fig. 660—Horizontal oscillator circuit. 

that a gated dc feedback signal is 
provided from the power supply. If 
the 100-volt supply becomes exces¬ 
sively high as a result of a fault, 
the horizontal-oscillator frequency is 
raised to such a point that the fly¬ 
back voltage remains within specifi¬ 
cations. 

Horizontal phasing (afe) : The 
horizontal phasing used is novel. 
Gating is obtained from a 1-milli- 
ampere sync pulse that is only 2 
microseconds wide (and can be 
much narrower if desired). Nearly 
any desired average control current 
up to several milliamperes can be 




534 


RCA Solid-State Devices Manual 


provided. When the picture is cor¬ 
rectly phased, the circuit is open to 
receive a sync pulse for only 4 
microseconds, and thus is relatively 
immune to noise. Because the cir¬ 
cuit functions on the leading edge 
of the sync pulse, rather than on 
the entire area of the differentiated 
pulse, the effects of the vertical 
equalizing pulses and the serrations 
in the vertical pulse are greatly 
minimized. As a result, the top of 
the picture exhibits proper synchro¬ 
nization at essMtially all settings 
of the hold conxrol (as is not the 
case with norihal afc). 

The horizdntal-phasing circuit is 
shown in Fig. 661. A control cur- 


the base of transistor Qio is ineffec¬ 
tive. When the flyback voltage ap¬ 
pears across transistor Qe, however, 
the gate is open to receive a sync 
pulse. When the pulse fires transis¬ 
tor Qio, the combination of transis¬ 
tors Qg and Qio becomes regenera¬ 
tive ; the transistors then become 
heavily saturated and pass any 
amount of current the voltage di¬ 
vider will permit. Transistors Qo 
and Qio remain in saturation until 
the voltage reverses and resets the 
latch. Control current of the op¬ 
posite polarity may be obtained 
from the emitter of transistor Qo if 
desired. Diode Dio serves to block re¬ 
verse current. 



Fig. 661 — Horizontal-phasing (afc) 
circuit. 

rent of only 20 microamperes is 
required for the low-level oscilla¬ 
tor. Transistors Qo and Qw are con¬ 
nected in a latching configuration 
that resembles a thyristor. (A thy¬ 
ristor could be used if it w<^re fast 
enough and sensitive enough.) A 
replica of the flyback pulse is ap¬ 
plied to the emitter of transistor Qo 
from diode D 5 through the voltage 
divider consisting of the 10 , 000 -ohm 
and 3300-ohm resistors. During trace 
time, this voltage is slightly nega¬ 
tive, and any signal appearing on 


Deflection Circuit for Color Re¬ 
ceiver—^Fig. 662 shows a schematic 
of a transistorized horizontal-deflec¬ 
tion circuit for a color TV receiver. 
The horizontal output transistor, Q*, 
is a high-voltage silicon transistor. 
The normal collector-to-emitter pulse 
voltage across Q 4 includes an ample 
safety factor that allows for any in¬ 
creased pulse that may result from 
out-of-sync operation, line surges, 
and other abnormal conditions. 

A unique feature of the horizontal- 
deflection circuit is the low-voltage 
supply of approximately 23 volts 
that is derived from it. This feature 
makes it possible to eliminate the 
power transformer in the power 
supply. The low-voltage power is 
used to operate all but the high- 
voltage receiver stages, such as the 
video-output stage, the audio-output 
stage, and the horizontal oscillator 
and driver. The vertical oscillator 
is supplied from the same point 
which supplies the horizontal output 
in such a way that the actual volt¬ 
age is a function of beam current; 
this connection compensates for the 
tendency for picture height to 
change with brightness settings. 

The transistorized deflection cir¬ 
cuit achieves commercially accept¬ 
able high-voltage regulation without 
the use of the high-voltage shunt 
regulator used with tube-type de¬ 
flection circuits. With a flyback 




TV Deflection Systems 


53 ! 



transformer of normal design and 
a low-voltage power supply with 
about 3-per-cent regulation, high- 
voltage regulation from zero beam 
to full load of 750 microamperes is 
about 3 kilovolts, and is accom¬ 
panied by a considerable increase in 
picture width. Improvement of this 
behavior with brightness changes is 
achieved by utilizing the accompany¬ 
ing changes of direct current to the 
deflection circuit in two ways. First, 
the air gap of the transformer is 
reduced to permit core saturation to 
decrease the system inductance as 
the high-voltage load is increased. 
When this method is used, regula¬ 
tion is improved to about half that 
of the normal transformers with 
no circuit instabilities, but picture- 
width change is still greater than 
desired. Second, series resistance is 
added to the B supply to decrease 
power input at full load and thereby 
reduce the change in picture width 
(at some sacrifice in high-voltage 


regulation). The net result of both 
changes is a regulation of about 2.8 
kilovolts for the high voltage, with 
very little variation in picture size. 

A secondary benefit of the inher¬ 
ently good regulation of the transis¬ 
tor deflection system is a reduction 
in the size of the flyback trans¬ 
former. The size reduction is ac¬ 
complished by a reduction in the 
area of the ‘Vindow’^ in the flyback 
core. A reduction in the size of the 
high-voltage cage required to main¬ 
tain adequate isolation of the high- 
voltage winding from ground is 
possible because of the smaller fly¬ 
back transformer. 

The transformer-coupled driver 
stage takes advantage of the high- 
voltage capability and switching 
speed of the horizontal driver tran¬ 
sistor which is designed primarily 
for video-output use. A sine-wave 
stabilized multivibrator type of hori¬ 
zontal oscillator is used. This type 
of oscillator is especially useful in 
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experimental work with deflection 
systems because it permits on-time 
and off-time periods to be easily 
varied. 

The afc phase detector operates 
on the principle of pulse-width vari¬ 
ation of combined sync and reference 
pulses. In the circuit shown in Fig. 
662, timing information is related 
to the leading edges of the sync 
pulses, and the retrace process is 
initiated prior to the leading edge 
of the sync pulse; performance of 
the circuit is very satisfactory. 

SCR Horizontal-Deflection 
System 

Until recently, solid-state hori¬ 
zontal deflection has been limited to 
small-screen monochrome receivers 
with relatively low energy require¬ 
ments. Solid-state devices which 
would compete with receiving tubes 
for both cost and performance were 
not available. The development of 
silicon controlled rectifiers (SCR^s) 
and fast-recovery diodes capable of 
operating at the horizontal scan¬ 
ning rates used in television has 
made possible the design of a hori¬ 
zontal-deflection system that is eco¬ 
nomically competitive and, at the 
same time, provides greater reli¬ 
ability than any other known de¬ 
flection system. 

In this system, the switching ac¬ 
tion required to generate the scan 
current in the horizontal-yoke wind¬ 
ings and the high-voltage pulse used 
to derive the dc operating voltages 
for the picture tube is controlled by 
two SCR^s that are used in conjunc¬ 
tion with associated fast-recovery 
diodes to form bipolar switches. 

The SCR’s used to control the 
trace current and to provide the 
commutating action to initiate 
trace-retrace switching exhibit high 
voltage- and current-handling capa¬ 
bilities together with the excellent 
switching characteristics required 
for reliable operation in deflection- 
system applications. The switching 
diodes, (trace and commutating 


diodes), provide fast recovery times, 
high reverse-voltage blocking capa¬ 
bilities, and low turn-on voltage 
drops. These features, together with 
the fact that, with the exception of 
one noncritical triggering pulse, all 
control voltages, timing, and con¬ 
trol polarities are supplied by pas¬ 
sive elements within the system 
(rather than by external drive 
sources), contribute substantially to 
the excellent reliability of the SCR 
deflection system. 

The system operates directly from 
a conventional, unregulated dc power 
supply of -fl55 volts, and provides 
full-screen deflection at angles up 
to 90 degrees at full beam current. 
The current and voltage y^veforms 
required for horizontaT deflection 
and for generation of the high volt¬ 
age are derived essentially from LC 
resonant circuits. As a result, fast 
and abrupt switching transients 
which would impose strains on the 
solid-state device are avoided. 

A regulator stage is included in 
the SCR horizontal-deflection circuit 
to maintain the scan and the high 
voltage within acceptable limits with 
variations in the ac line voltage or 
picture-tube beam current. The sys¬ 
tem also contains circuits that pro¬ 
vide full protection against the ef¬ 
fects of arcs in the picture tube or 
the high-voltage rectifier, and line¬ 
arity and pincushion correction cir¬ 
cuits. 

Basic Deflection Circuit—The es¬ 
sential components in the SCR hori¬ 
zontal-deflection system required to 
develop the scan current in the yoke 
windings are shown in Fig. 663. Es¬ 
sentially the trace-switch diode Dt 
and the trace-switch controlled rec¬ 
tifier SCRt provide the switching 
action which controls the current in 
the horizontal yoke windings Ly dur¬ 
ing the picture-tube beam-trace in¬ 
terval. The commutating-switch 
diode Dc and the commutating- 
switch controlled rectifier SCRc ini¬ 
tiate retrace and control the yoke 
current during the retrace interval. 
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Fig. 663—Basic circuit for generation of the deflection-current waveform in the hori¬ 
zontal yoke winding. 


Inductor Lr and capacitors Cr, Ca, 
and Cy provide the necessary energy 
storage and timing cycles. Inductor 
Lee supplies a charge path for ca¬ 
pacitor Cr from the dc supply volt¬ 
age (B-h) so that the system can be 
recharged from the receiver power 
supply. The secondary of inductor 
Lee provides the gate trigger volt¬ 
age for the trace-switch SCR. Ca¬ 
pacitor Cr establishes the optimum 
retrace time by virtue of its resonant 
action with inductor Lr. 

The complete horizontal-deflection 
cycle may best be described as a 
sequence of discrete intervals, each 
terminated by a change in the con¬ 
duction state of a switching device. 
In the following discussion, the ac¬ 
tion of the auxiliary capacitor Ca 
and the flyback high-voltage trans¬ 
former are initially neglected to sim¬ 
plify the explanation. 

First half of the trace interval: 
Fig. 664 shows the circuit elements 
involved and the voltage and cur¬ 
rent relationships during the first 
half of the trace deflection-current 
interval, the period from To to T 2 . 
At time To, the magnetic field has 



o 
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Fig. 664—Effective configuration of the 
deflection circuit during the first half of 
the trace interval, time Tq to T 2 , and op¬ 
erating voltage and current waveforms for 
the complete trace-retrace cycle. 
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been established about the horizontal 
yoke windings Ly by the circuit ac¬ 
tion during the retrace period of 
the preceding cycle (explained in 
the subsequent discussion of retrace 
intervals). This magnetic field gen¬ 
erates a decaying yoke current iy 
that decreases to zero when the en¬ 
ergy in the yoke winding is de¬ 
pleted (at time T 2 ). This current 
charges capacitor Cy to a positive 
voltage Vcy through the trace-switch 
diode Dt. 

During the first half of the trace 
interval (just prior to time T 2 ) the 
trace controlled rectifier SCRt is 
made ready to conduct by applica¬ 
tion of an appropriate gate voltage 
pulse Vgate. SCRt does not conduct, 
however, until a forward bias is 
also applied between its anode and 
cathode. This voltage is applied dur¬ 
ing the second half of the trace in¬ 
terval. 

Second half of the trace interval: 
At time T 2 , current is no longer 
maintained by the yoke inductance, 
and capacitor Cy begins to discharge 
into this inductance. The direction 
of the current in the circuit is 
then reversed, and the trace-switch 
diode Dt becomes reverse-biased. 
The trace-switch controlled recti¬ 
fier SCRt, however, is then forward- 
biased by the voltage Vcy across the 
capacitor, and the capacitor dis¬ 
charges into the yoke inductance 
through SCRt, as indicated in Fig. 
665. The capacitor Cy is sufficiently 
large so that the voltage Vcy re¬ 
mains essentially constant during 
the entire trace and retrace cycle. 


This constant voltage results in a 
linear rise in current through the 
yoke inductance Ly over the entire 
scan interval from To to T 5 . 

Start of the retrace interval: The 
circuit action to initiate retrace 
starts before the trace interval is 
completed. Fig. 666 shows the cir¬ 
cuit elements and the voltage and 
current waveforms required for this 
action. At time T 3 , prior to the end 
of the trace period, the commutat¬ 
ing-switch controlled rectifier SCRc 
is turned on by application of a 
pulse from the horizontal oscillator 
to its gate. Capacitor Cr is then al¬ 
lowed to discharge through SCRc 
and inductor Lr. The current in 
this loop, referred to as the com¬ 
mutating circuit, builds up in the 
form of a half-sine-wave pulse. At 
time T 4 , when the magnitude of this 
current pulse exceeds the yoke cur¬ 
rent, the trace-switch diode Dt again 
becomes forward-biased. The excess 
current in the commutating pulse is 
then bypassed around the yoke wind¬ 
ing by the shunting action of diode 
Dt. During the time from T 4 to Te, 
the trace-switch controlled rectifier 
SCRt is reverse-biased by the 
amount of the voltage drop across 
diode Dt. The trace-switch controlled 
rectifier, therefore, is turned off 
during this interval and is allowed 
to recover its ability to block the 
forward voltage that is subsequently 
applied. 

First half of the retrace interval: 
At time T 5 , the commutating pulse 
is no longer greater than the yoke 



Fig. 665—Effective configuration of the deflection circuit during the second half of the 
trace interval, time to T^, and the complete scan-current waveform. 
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Fig. 666—Effective configuration of the 
deflection circuit and significant voltage 
and current waveforms for initiation of 
retrace, time to T^. 


current, as shown in Fig. 667; trace- 
switch diode Dt then ceases to con¬ 
duct. The yoke inductance main¬ 
tains the yoke current but, with 
SCRt in the off state, this current 
now flows in the commutating loop 
formed by Lr, Cr, and SCRc. Time 
Ts is the beginning of retrace. 

As the current in the yoke wind¬ 
ings decreases to zero, the energy 


supplied by this current charges ca¬ 
pacitor Cr with an opposite-polarity 
voltage in a resonant oscillation. At 
time Te, the yoke current is zero, 
and capacitor Cr is charged to its 
maximum negative-voltage value. 
This action completes the first half 
of retrace. 

Second half of the retrace interval: 
At time Te, the energy in the yoke 
inductance is depleted, and the 
stored energy on the retrace capaci¬ 
tor Cr is then returned to the yoke 
inductance. This action reverses the 
direction of current flow in the yoke. 


*-R Cr 





Fig. 667—Effective configuration of the 
deflection circuit and operating voltage 
and current waveforms during the first 
half of retrace time, to Tq. 
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During the reversal of yoke cur¬ 
rent, the commutating-switch diode 
Dc provides the return path for the 
loop current, as indicated in Fig. 
668. The commutating-switch con- 


Lr Cr 




Fig. 668—Effective configuration of the 
deflection circuit and operating voltage 
and current waveforms during the second 
half of retrace, time Tq to Tq. 

trolled rectifier SCRc is reverse- 
biased by the amount of the voltage 
drop across diode Dc. The commutat¬ 
ing-switch controlled rectifier, there¬ 
fore, turns off and recovers its 
voltage-blocking capability. As the 
yoke current builds up in the nega¬ 
tive direction, the voltage on the re¬ 
trace capacitor Cr is decreased. At 
time To, the voltage across capaci¬ 
tor Cr no longer provides a driving 
voltage for the yoke current to flow 
in the loop formed by Lr, Cr, and 
Ly. The yoke current finds an easier 
path up through trace-switch diode 
Dt, as shown in Fig. 669. This ac¬ 


tion represents the beginning of the 
trace period for the yoke current 
(i.e., the start of a new cycle of 
operation), time To. 

Once the negative yoke current is 
decoupled from the commutating 
loop by the trace-switch diode, the 
current in the commutating circuit 
decays to zero. The stored energy in 
the inductor Lr charges capacitor 
Cr to an initial value of positive 
voltage. Because the resonant fre¬ 
quency of Lr and Cr is high, this 
transfer is accomplished in a rela¬ 
tively short period. To to Ti, as 
shown in Fig. 668. 


Lr Cr 



Fig. 669—Effective configuration of the 
deflection circuit during the switchover 
from retrace to trace, time Tq. 


Recharging and resetting actions: 
The action required to restore en¬ 
ergy to the commutating circuit and 
to reset the trace SCR are also very 
important considerations in the op¬ 
eration of the basic deflection cir¬ 
cuit. Both actions involve the in¬ 
ductor Leo. 

During the retrace period, induc¬ 
tor Lee is connected between the dc 
supply voltage (B-f-) and ground by 
the conduction of either the com¬ 
mutating-switch SCR or diode 
(SCRe or De), as indicated in Fig. 
670. When the diode and the SCR 
cease to conduct, however, the path 
from Lee to ground is opened. The 
energy stored in inductor Lee dur¬ 
ing the retrace interval then charges 
capacitor Cr through the B-f sup¬ 
ply, as shown in Fig. 671. This 
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Fig. 670—Circuit elements and current 
path used to supply energy to the charg¬ 
ing choke Lee during period from the start 
of retrace switching action to the end of 
the first half of the retrace interval, time 
Z '3 to Ti. 

charging process continues through 
the trace period until retrace is 
again initiated. The resultant charge 
on capacitor Ck is used to resupply 
energy to the yoke circuit during the 
retrace interval. 

The voltage developed across in¬ 
ductor Lee during the charging of 
capacitor Cr is used to forward-bias 
the gate electrode of the trace SCR 
properly so that this device is made 
ready to conduct. This voltage is 


inductively coupled from Lee and 
applied to the gate of SCRt through 
a wave-shaping network formed by 
inductor Lg, capacitor Cg and resis¬ 
tor Rg. The resulting voltage signal 
applied to the gate of SCRt has the 
desired shape and amplitude so that 
SCRt conducts when a forward bias 
is applied from anode to cathode, 
approximately midway through the 
trace interval. 

Effect of auxiliary capacitor Ca: 
In the preceding discussions of the 
operation of the deflection circuit, 
the effect of capacitor Ca was 
neglected. Inclusion of this capaci¬ 
tor affects some of the circuit wave¬ 
forms, as shown in Fig. 672, aids 
in the turn-off of the trace SCR, 
reduces the retrace time, and 
provides additional energy-storage 
capability for the circuit. 

During most of the trace interval 
(from To to T*), including the in¬ 
terval (T 3 to T 4 ) during which the 
commutating pulse occurs, the trace 
switch is closed, and capacitor Ca 
is in parallel with the retrace ca¬ 
pacitor Cr. Prom the start of re¬ 
trace at time T 4 to the beginning of 
the next trace interval at time To, 
the trace switch is open. For this 
condition, capacitor Ca is in series 
with the yoke Ly and the retrace 



Fig. 671—Effective configuration of the deflection circuit for resetting (application of 
forward bias to) the trace SCR and recharging the retrace capacitor Cr, during time 

interval from to T^. 
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Fig. 672—Circuit configuration showing 
the addition of auxiliary capacitor Cj^ and 
current and voltage waveforms showing 
the effect of this capacitor. 


capacitor Cb so that the capacitance 
in the retrace circuit is effectively 
decreased. As a result, the resonant 
frequency of the retrace is increased, 
and the retrace time is reduced. 

The auxiliary capacitor Ca is also 
in parallel with the retrace induc¬ 
tor Lr. The waveshapes in the de¬ 
flection circuit are also affected by 
the resultant higher-frequency reso¬ 
nant discharge around this loop. The 


voltage and current waveforms 
shown in Fig. 672 illustrate the 
effects of the capacitor Ca. 

The auxiliary capacitor Ca also 
helps to prevent the fast-rise-time 
voltages developed by the flyback 
transformer from appearing across 
the trace switch. Fig. 673 shows the 
basic trace-switch circuit and the 
waveforms developed across this 
circuit with and without the auxili¬ 
ary capacitor. These waveforms 
show that the integrating action of 
the auxiliary capacitor eliminate the 
initial steep rise of the retrace volt¬ 
age pulse. 

High-Voltage Generatio,n—T h e 
SCR horizontal-deflection system 
generates the high voltage for the 
picture tube in essentially the same 
manner as has been used for many 
years in television receivers, i.e., by 
transformation of the horizontal re¬ 
trace pulse to a high voltage with a 
voltage step-up transformer and sub¬ 
sequent rectification of this stepped- 
up voltage. In common with other 
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Fig. 673—Simplified schematic of trace- 
switch circuit and waveforms showing 
effect of auxiliary capacitor on the rise 
time of the retrace voltage pulse. 
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solid-state receiver designs, a solid- 
state voltage multiplier is used as 
the high-voltage rectifier. A high- 
voltage rectifier tube such as the 
3CZ3 could also be used although 
the increased source impedance in 
the high-voltage transformer would 
result in slightly poorer high-volt¬ 
age regulation. 

High-Voltage Regulation—The use 
of a silicon voltage multiplier for 
the high-voltage rectifier, together 
with very tight coupling between the 
primary and secondary of the high- 
voltage transformer, results in a 
high-voltage system that has very 
low internal impedance. As a result, 
it is necessary to regulate the high 
voltage only against changes in line 
voltage. The regulator, shown in 
Fig. 674, is reactive (non-dissipat¬ 
ing) and provides good reliability at 
low cost. 


A supplementary winding on the 
high-voltage transformer provides a 
pulse voltage proportional to the 
supply voltage. Because the supply 
voltage varies directly with line volt¬ 
age, the voltage pulse provides an 
excellent reference for sensing varia¬ 
tions in the line voltage. This volt¬ 
age pulse is rectified and used as 
the collector voltage source for the 
regulator transistor. By means of a 
resistive voltage divider and the 
zener diode, it also provides base 
bias to the regulator transistor. 
When the voltage, as determined by 
the resistive divider, exceeds the 
zener voltage, the transistor con¬ 
ducts and current flows through the 
control winding of the saturable re¬ 
actor. This current saturates the 
core of the saturable reactor (to a 
degree dependent upon the base volt¬ 
age applied to the regulator tran¬ 
sistor) and the inductance of the 
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Fig. 674—High voltage regulator circuit and operating voltage and current waveforms. 
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load winding drops sharply. Because 
the load winding is in parallel with 
the input reactor, Lee, it limits the 
amount of energy that can be stored 
in Lee and, therefore, the amount 
of energy that can be stored in Lk, 
Cr, and Ca. Consequently, as line 
voltage increases, the amount of en¬ 
ergy stored in these components is 
limited, and the increase in high- 
voltage is limited accordingly. If 
line voltage decreases, the pulse 
voltage applied to the regulator cir¬ 
cuit is reduced, less current is 
drawn by the regulator transistor, 
and the degree of core saturation 
of the saturable reactor is reduced. 
Consequently, more “relative” en¬ 
ergy can be stored in Lee, even 
though the input voltage to the sys¬ 
tem is reduced, and the high volt¬ 
age remains constant. 

The high-voltage regulator system, 
as mentioned previously, dissipates 
very little energy and keeps the 
high-voltage constant with varia¬ 
tions in horizontal-oscillator fre¬ 
quency or with component values. 
The response time of the system is 
very short so that essentially every 
horizontal line is regulated. Al¬ 
though the major function of the 
system is to maintain a constant 
high voltage (and scan) with varia¬ 
tions in line voltage, it does provide 
some supplemental regulation of 
high voltage with picture-tube beam 
current, because there is some varia¬ 
tion in supply voltage with the 
power drawn from the high-voltage 
supply. 

Linearity Correction—Some S- 
shaping can be obtained by the use 
of a capacitor in series with the 
yoke. The nonlinearity caused by 
the yoke resistance results in left- 
hand stretch and right-hand com¬ 
pression. 

Fig. 675 illustrates two methods 
of linearity correction. In the cir¬ 
cuit shown in Fig. 675(a), a damped 
series-resonant circuit is connected 
between an auxiliary winding on the 
high-voltage transformer and the 
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Fig. 675—Two methods of linearity cor¬ 
rection. 

ungrounded side of the S-shaping 
capacitor. This circuit produces a 
damped sine-wave of current which 
effectively adds to and subtracts 
from the charge on the S-shaping 
capacitor, thus altering the yoke 
current to correct for any trace- 
current nonlinearity. The circuit 
shown in Fig. 675(b) acts as a vari¬ 
able inductance in series with the 
yoke. Yoke current is blocked by the 
diode during the first part of trace 
and flows through the linear induc¬ 
tor. During the second part of trace, 
the diode becomes forward-biased 
and yoke current is gradually 
shunted through the self-saturable 
inductor. With the proper values for 
the two inductors, the equivalent 
inductance in series with the yoke 
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varies just the right amount to pro¬ 
duce the proper degree of linearity 
correction. 

Raster Correction—The distance 
from the center of deflection to the 
outside edge of the raster on the 
picture tube is greatest at the cor¬ 
ners of the raster, decreasing to a 
minimum at the center. Because the 
electron beam must travel a greater 
distance to reach the corners of the 
raster, a given deflection of the 
beam produces a greater movement 
on the faceplate of the picture tube, 
and a type of distortion known as 
‘‘pincushion” is produced. This ef¬ 
fect is shown in Fig. 676. The degree 



Fig. 676—Effect of pincushion distortion. 


of pincushion distortion increases 
with deflection angle. Correction of 
this type of raster distortion, there¬ 
fore, is of greater importance with 
wide-angle picture tubes. 

Correction of pincushion distor¬ 
tion can be accomplished by decreas¬ 
ing the deflection (yoke current) at 
the corners of the raster or by in¬ 
creasing the deflection at the center 


of the raster. The usual method ii 
to reduce the yoke current as the 
beam approaches the corners of the 
raster. One method of pincushion 
correction is shown in Fig. 677. In 
this circuit, the collector supply for 
transistor Q2 is the voltage across 
the 0.68-microfarad capacitor Ci in 
the primary of the high-voltage 
transformer. Loading of this ca¬ 
pacitor by transistor Q2 increases 
the energy being drawn from the 
high-voltage transformer and thus 
reduces scan. Transistor Q2 is driven 
by a vertical sawtooth. During the 
second half of vertical trace, the 
10-microfarad capacitor C2 is dis¬ 
charged by the collector current of 
Q2, thereby loading the capacitor Ci 
with an increasing current from the 
middle to the end of vertical scan. 
When transistor Q2 is turned off at 
the end of vertical scan, capacitor 
C2 is again charged by the energy 
stored in the capacitor Ci. The load¬ 
ing of capacitor Ci decreases toward 
zero from the top toward the mid¬ 
dle of vertical scan as soon as the 
capacitor C2 charges. 

Another method of correcting pin¬ 
cushion distortion is shown in Fig. 
678. In this circuit, the “control 
winding” of the saturable trans¬ 
former is supplied with a vertical 
sawtooth (preferably somewhat 
parabolic in shape) which deter¬ 
mines the degree of core saturation 
of the transformer and thus the im- 


VERTICAL SAWTOOTH 

TO TRACE SWITCH 



Fig. 677—Active side-pincushion correction circuit. 
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Fig. 678—Saturable reactor side-pincushion correction circuit. 


pedance of the secondary windings, 
which are shunted across a portion 
of the primary of the high-voltage 
transformer. During the second half 
of vertical scan, the current through 
the control winding gradually in¬ 
creases from zero at the center of 
scan to maximum at the end of scan. 
The degree of core saturation also 
increases, and the inductance of the 
windings in shunt with the high- 
voltage transformer (and yoke) de¬ 
creases accordingly. The loading of 
the high-voltage transformer thus 
gradually increases from a mini¬ 
mum at the center of vertical scan 
to a maximum at the end of scan. 
At the beginning of scan, the cur¬ 
rent through the control winding is 
at a maximum, and the degree of 
loading of the yoke is maximum. 
The current in the control winding 
(and the yoke loading) gradually 
decreases to a minimum toward the 
center of scan. 

Auxiliary Power Supplies—An 
important area of potential cost re¬ 
duction in the SCR deflection sys¬ 
tem is the power supply. SCR’s have 
much greater current-carrying capa¬ 
bility than that required for deflec¬ 
tion. This extra capability can be 
used to derive the operating power 
for other portions of the receiver 
from the horizontal-deflection sys¬ 
tem. Fig 679 shows several possible 
methods of deriving power from the 
deflection system. 


An advantage of the circuits 
shown in (c) through (e) of Fig. 
679 is that they are regulated 
against changes in line voltage by 
the same regulator circuit used for 
regulating scan against changes in 
line voltage. 

Rectifiers used to obtain dc power 
from the horizontal-deflection sys¬ 
tem operate at 15.75 kHz. There¬ 
fore, fast-recovery types must be 
used. 

Over-all SCR Deflection System— 
Fig. 680 shows the circuit diagram 
of a complete SCR horizontal deflec¬ 
tion system. This system is designed 
to operate directly from the recti¬ 
fied line voltage. A 250-volt unregu¬ 
lated supply for the video amplifier 
is obtained by rectifying the voltage 
obtained from the input reactor 
(Lee). A 40-volt supply (regulated) 
for the small-signal stages is ob¬ 
tained by rectifying a pulse obtained 
from an auxiliary winding on the 
high-voltage transformer. 


VERTICAL DEFLECTION 

The vertical-deflection circuit in 
a television receiver is essentially 
a class A audio amplifier with a 
complex load line, severe low-fre¬ 
quency requirements (much lower 
than 60 Hz), and a need for con¬ 
trolled linearity. The equivalent low- 
frequency response for a 10-per cent 
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Fig. 679—Varous circuit arrangements for developing an auxiliary low voltage from 

the SCR deflection system. 


deviation from linearity is 1 Hz. A 
simple circuit configuration is shown 
in Fig. 681. 

The required performance can be 
obtained in a vertical-deflection cir¬ 
cuit in any of three ways. The am¬ 
plifier may be designed to provide 
a flat response down to 1 Hz. This 
design, however, requires an ex¬ 
tremely large output transformer 
and immense capacitors. Another ar¬ 
rangement is to design the amplifier 
for fairly good low-frequency re¬ 
sponse and predistort the generated 
signal. 

The third method is to provide 


extra gain so that feedback tech¬ 
niques can be used to provide line¬ 
arity. If loop feedback of 20 or 30 
dB is used, transistor gain varia¬ 
tions and nonlinearities become 
fairly insignificant. The feedback 
automatically provides the necessary 
‘‘predistortion” to correct low-fre¬ 
quency limitations. In addition, the 
coupling of miscellaneous signals 
(such as power-supply hum or hori¬ 
zontal-deflection signals) in the am¬ 
plifying loop is suppressed. 

The inductance of the output 
transformer must be fairly low for 
maximum efficiency. When a circuit 
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Fig. 680 — Line-operated, SCR horizontal-deflection system for 90-degree color picture 

tube. 


is designed for maximum efficiency, 
the transistor dissipation must be 
at least three times the yoke power. 
When interchangeability, line-volt- 
age variations, and bias instability 
are considered, the dissipation may 
reach high levels (e.g., 14 watts in 
a 25-inch color receiver); as a re¬ 
sult, expensive bias techniques and 
extruded-aluminum heat sinks must 
be used. 

Use of a toroid yoke having an 
L/R time constant of 3.2 milliseconds 



Fig. 681—Simple vertical-deflection 
circuit. 


reduces the maximum dissipation to 
3 or 4 watts and allows the plated 
steel chassis to be used as the heat 
sink for the transistor. The output 
transformer may also be reduced in 
size. 

The higher Q of the toroid yoke 
normally results in a long retrace 
time or a very high flyback voltage. 

Basic Design Approach 

In recent commercial television re¬ 
ceivers, the Miller-integrator con¬ 
cept is employed in the generation 
of the linear ramp of current re¬ 
quired in the vertical-deflection yoke. 
Fig. 682 shows the basic configura¬ 
tion of a Miller-integrator type of 
vertical-deflection circuit. In this 
circuit, a high-gain amplification 
system is used to develop the drive 
current for the yoke winding, and 
the integrating capacitor is con¬ 
nected in shunt with the yoke and 
the amplifier system. In effect, the 
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Miller circuit multiplies the capaci¬ 
tor charging current by a factor 
equal to the gain of the amplifier 
without feedback. This technique re¬ 
sults in an extremely linear output 
current waveform. In addition, vari¬ 
ations in supply voltage, amplifier 
gain, and other factors that dras¬ 
tically affect the output of conven¬ 
tional vertical-deflection circuits 
have but slight adverse effects in the 
Miller circuit because of the large 
degenerative feedback. 



Fig. 682—Basic Miller Sweep Circuit. 


At the beginning of the vertical- 
trace interval, the integrating capa¬ 
citor Cm is charged from a voltage 
source E. The resulting voltage 
across the capacitor causes the am¬ 
plifier to supply current to the yoke 


winding and to the feedback resistor 
Rf, which is directly coupled to the 
integrating capacitor. The feed¬ 
back action of the integrating capa¬ 
citor tends to maintain a constant 
input to the amplifier so that the 
voltage across the capacitor builds 
up (integrates) at a constant rate. 
Because the voltage across the feed¬ 
back resistor, which is essentially 
the same as the voltage across the 
integrating capacitor, is directly 
proportional to the yoke current, the 
yoke current increases at a constant 
rate, and a linear scan results. The 
sweep rate is determined by an 
electronic switch which discharges 
the integrating capacitor at the end 
of each scan period. 

The amplifiers used in the verti¬ 
cal-deflection system are similar to 
those used in any high-gain audio¬ 
amplifier system. Either conventional 
transformer-coupled types or trans¬ 
formerless true-complementary-sym¬ 
metry or quasi-complementary-sym¬ 
metry types may be used. The 
following paragraphs describe the 
use of different types of output am¬ 
plifiers and their associated circui¬ 
try in vertical-system applications. 

Vertical Circuit that Uses a 
Conventional Output Stage 

Fig. 683 shows the basic func¬ 
tional relationship among the vari- 



Fig. 683—Basic configuration of a Miller-integrator vertical-deflection system that uses 
a conventional transformer-coupled output stage. 
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ous stages of a Miller-integrator 
vertical-deflection circuit used in a 
recent commercial color-television 
receiver. The vertical-switch circuit 
controls the trace and retrace times 
and, therefore, the over-all operat¬ 
ing frequency of the circuit. The 
switching action of the vertical 
switch is made self-sustaining by 
use of positive feedback from the 
output stage. Vertical synchroniz¬ 
ing pulses applied to the switch 
from the sync separator determine 
the exact instant at which the switch 
is triggered on and, in this way, 
synchronize the switching action 
with the transmitted scanning inter¬ 
val. The Miller high-gain amplifi¬ 
cation system includes predriver 
and driver stages in addition to 
a conventional transformer-coupled 
output power-amplifier stage. The 
Miller-integrator capacitor is con¬ 
nected between the yoke winding 
and the input to the predriver so 
that it shunts the gain stages. The 
linearity-clamp circuit provides the 
initial charging current for this ca¬ 
pacitor. 

Vertical Switch—The vertical 
switch discharges the Miller-inte¬ 
grator capacitor at the end of the 
vertical scanning interval and, in 
this way, causes beam retrace and 


prepares the circuit for a subse¬ 
quent scanning interval. Fig. 684 
shows the schematic diagram and 
operating waveforms for the verti¬ 
cal-switch circuit. The operation of 
the circuit is made self-sustaining 
by two feedback signals. 

One feedback signal is applied to 
the base of the vertical-switch tran¬ 
sistor from a secondary winding on 
the vertical-output transformer 
through resistors Rs and R*. This 
feedback signal is referred to as the 
triggering or turn-on pulse. The 
vertical synchronizing pulses from 
the sync separator are integrated by 
resistors Ri and R 2 and capacitor C 2 
and added to the triggering pulse. 

Another feedback signal from a 
different secondary winding on the 
vertical-output transformer is ap¬ 
plied to the base of the switch tran¬ 
sistor through the vertical-hold 
potentiometer Rh. The addition of 
this waveform to the turn-on wave¬ 
form causes the voltage at the base 
of the switch transistor to pass very 
quickly through the transistor turn¬ 
on voltage. As a result, the turn-on 
action of the vertical switch is very 
stable and relatively immune to noise 
voltages. The vertical-hold poten¬ 
tiometer provides some control over 
the shape of the latter feedback 
waveform and, therefore, offers 



Fig. 684 — Vertical-switch circuit. 
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limited control over the exact point 
at which the switch turns on. 

Driver Stages—Two common- 
emitter stages (predriver and 
driver) provide the amplification 
required to increase the amplitude 
of the vertical-switch output suffi¬ 
ciently to drive the vertical-output 
stage. Fig. 685 shows a simplified 


the Miller-integrator capacitor Ci 
which is charged through the height 
control potentiometer Rht. Th( 
height-control supply voltage i: 
made relatively immune to tempera 
ture-caused variations by the ther 
mistor Rt. This supply also receive: 
some dynamic regulation from j 
voltage supplied from the horizontal 
deflection system. The addition o: 


R| 



Fig. 685—Vertical predriver and driver stages. 


circuit diagram of the driver stage. 

The vertical predriver employs an 
n-p-n transistor Qs that is directly 
coupled to the p-n-p transistor Q 2 
used in the driver stage. The emit¬ 
ter supply voltage for the driver is 
obtained from the voltage-divider 
network formed by resistors Rs and 
Re. The collector load of the driver 
consists of the parallel combination 
of the 680-ohm resistor R 4 and the 
base-emitter junction of the output- 
stage transistor Qi. The service 
switch Si included in the emitter 
circuit of the driver can be used to 
cut off the vertical scanning during 
set-up adjustments of the picture 
tube if desired. When this switch is 
closed, the emitter of the driver is 
shorted to ground, and no vertical- 
deflection signals are developed. 

The predriver input waveform is 
supplied by the charging action of 


this regulating voltage helps t( 
maintain a constant vertical heighi 
with respect to horizontal-scan anc 
high-voltage variations. 

Vertical Output Stage—Fig. 68 ( 
shows the circuit details for the 
output stage of the vertical sys¬ 
tem. This stage, which is directlj 
driven by the driver circuit, uses s 
transistor operated in a common- 
emitter amplifier configuration to de¬ 
velop the power necessary to produce 
the required vertical deflection ol 
the picture-tube beams. The collec¬ 
tor load circuit consists of the ver¬ 
tical-output transformer Ti and the 
vertical convergence circuitry. The 
secondary of the vertical-outpui 
transformer is loaded by the vertical 
yoke windings, two feedback paths 
and the pincushion-correction cir¬ 
cuitry. The Miller-integrator capa- 
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Fig. 686 — Transformer-coupled vertical output circuit. 


citor Cm is coupled to the 5.6-ohin 
feedback resistor Rf, which is con¬ 
nected in series with the output- 
transformer secondary and the 
windings of the vertical-deflection 
yoke. Two feedback waveforms are 
provided from the output stage 
(from separate secondary windings 
on the output transformer) to the 
vertical switch to assure stable, self- 
sustaining switch operation. 

The diode Di and the Alter net¬ 
work formed by resistor Ra and ca- 
acitor Ci form a protective clamp 
circuit for the output transistor. 
Positive-going retrace pulses cause 
the diode Di to conduct and capaci¬ 
tor Cl charges rapidly through the 
short-time-constant path provided by 
diode Di and resistor Ra. After the 
retrace pulse is removed, the capa¬ 
citor attempts to discharge through 
the resistor Ra. Because of the long- 
time-constant path provided by this 


resistor, the capacitor is only al¬ 
lowed to discharge an amount suffi¬ 
cient to assure a voltage differential 
across the diode when the retrace 
pulses occur. This action effectively 
clamps the collector output of tran¬ 
sistor Qi to the voltage across ca¬ 
pacitor Cl. The pulses that appear 
across this capacitor during the con¬ 
duction of the diode are coupled by 
capacitor C 2 to the television-receiver 
video-amplifier circuit for use in 
vertical-retrace blanking. 

Linearity Clamp—A circuit re¬ 
ferred to as the linearity clamp is 
included in the vertical-deflection 
system to assure that sufficient ini¬ 
tial-scan charging current is pro¬ 
vided for the Miller-integrator 
capacitor. Fig. 687 illustrates the ac¬ 
tion of this circuit. 

When the Miller-integrator ca¬ 
pacitor Cm is discharged by the 
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vertical switch at the end of a ver¬ 
tical-scan interval, the capacitor 
discharges into the base circuit of 
the predriver stage, and the pre¬ 
driver transistor is cut off. The 
positive voltage that then appears 
at the collector of the predriver 
transistor forward-biases the p-n-p 
linearity-clamp transistor, and cur¬ 
rent flows through this transistor, 
resistor R 2 , and the vertical switch. 

TO 



Fig. 687—Linearity clamp. 


After approximately 700 microsec¬ 
onds, the vertical switch turns off, 
and the current through the linear¬ 
ity clamp is used to provide rapid 
initial charging of the Miller-inte¬ 
grator capacitor Cm. As the initial 
charge quickly builds up on the ca¬ 
pacitor, the predriver and driver 
stages start to conduct, and the 
base-emitter junction of the linear¬ 
ity-clamp transistor is reverse- 
biased by the voltage drop across 
the base-emitter junction of the 
driver transistor. This action cuts 
off the linearity-clamp circuit and 
initiates another vertical-scan in¬ 
terval. The Miller-integrator capaci¬ 
tor continues to charge through the 
height-control potentiometer Rht 
for the duration of the scan interval. 


Vertical Circuit that Uses 
Complementary-Symmetry 
Output Stage 

The introduction of complemen¬ 
tary pairs of power transistors has 
led to the development of class B 
transformerless output stages that 
are both economical and efficient. In 
vertical-output applications, such 
circuits may be capacitively coupled 
to the yoke, and the output trans¬ 
former, together with the problems 
of nonlinearity, low-frequency phase 
shift, and excessive retrace pulse 
amplitudes associated with it, can be 
eliminated. Regardless of the type 
of output stage used, the genera¬ 
tion 6f a linear sawtooth by use of 
the Miller-integrator circuit has be¬ 
come widespread. 

Fig. 688 shows a block diagram 
of a vertical-deflection system of 
this type that uses a true-comple¬ 
mentary-symmetry output stage. 
The vertical switch controls the 
free-running frequency of the ver¬ 
tical system. The high-gain ampli¬ 
fier consists of a direct-coupled pre¬ 
driver and driver, in addition to the 


FEEDBACK 
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Fig. 688—Block diagram of a vertical- 
deflection system that uses a true-comple¬ 
mentary-symmetry output stage. 
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true-complementary-syniTnetry out- 
put stage. The output stage is 
capacitively coupled to the converg¬ 
ence circuitry arid the vertical-de¬ 
flection yoke. 

Vertical-Switch and Predriver Cir¬ 
cuit—Fig. 689 shows the circuit 
configuration of the predriver cir¬ 
cuit and its interconnection with 
the vertical-switch circuit. An in¬ 
crease in the positive voltage at the 
junction of resistors R 12 and Rw will 
increase the raster height. Because 
the major source of the voltage to 
Ri 3 is obtained from the + 15-volt 
regulated supply through resistors 
Rii and R 12 , as the resistance of R 12 
is decreased, raster height increases. 
If the setup switch Si is closed to 


the service position, the supply to 
Ri 3 is diminished practically to zero, 
and the raster collapses. 

Because the output-stage transis¬ 
tor Qs is cut off while the top half 
of the raster is scanned, the voltage 
at the collector of this transistor is 
zero until vertical scan reaches the 
center. During the bottom half of 
scan, the collector current of output 
transistor Qs increases linearly, so 
that the voltage fed back to Ria 
tends to ‘‘stretch’^ the lower part of 
the raster, to overcome some tend¬ 
ency towards bottom compression. 
Feedback to the vertical-switch tran¬ 
sistor also is derived from resistor 
Ri. 

The remaining input to resistor 
Ri 3 is obtained from the horizontal 


+ 15 REG 



Fig. 689—The vertical predriver with its inputs. 
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system. As high-voltage return cur¬ 
rent to the brightness limiter in¬ 
creases or decreases, the voltage at 
the junction of Rs and Ro also varies. 
An increase in picture-tube current, 
therefore, reduces slightly the volt¬ 
age to the height control and causes 
a slight decrease in vertical deflec¬ 
tion. This action causes scanning 
height to track scanning width. 

A feedback signal is fed to capaci¬ 
tor Co from the junction of the sys¬ 
tem feedback resistor Ri and the 
yoke. If the effect of capacitor Cb 
is ignored, the voltage at this point 
reaches its maximum positive value 
at the beginning of scan, passes 
through zero, and reaches maximum 
negative just before vertical re¬ 
trace. Therefore, the feedback to 
the predriver transistor Q 2 is de¬ 
generative, because voltage at the 
base of Qa tends to rise throughout 
the scanning interval. Capacitor Cs 
is used to filter out any horizontal- 
deflection voltage which may be 
present. 

The transistor vertical-switch cir¬ 
cuit shown in Fig. 690 performs 
three functions. It controls the free- 
running frequency of the vertical- 
deflection system, allows synchro¬ 
nization with the received signal, 
and determines the duration of ver¬ 
tical retrace. The overall vertical 
system may be considered as a free- 
running oscillator. The base of 
switch transistor Qi is returned to 
the supply voltage (height-control 
B-f-) through resistor R 7 , the hold 
control, and a 680-kilohm resistor Rg. 
If no sync pulses are present at the 
moment after the end of retrace, ca¬ 
pacitor Co begins to charge, and the 
base of Qi begins to swing positive. 
When Qi begins conducting (about 
17 milliseconds later), predriver and 
driver transistors Q 2 and Qs, shown 
in Figs. 689 and 691 respectively, 
conduct less, and the output transis¬ 
tor Q 4 , which was cut off during the 
lower half of vertical scan, resumes 
conduction. Because the voltage 
across the yoke inductance leads the 
current through it, a sharp positive 


pulse appears at the input to resis¬ 
tor Ri, and this pulse, coupled to 
the base of Qi, drives Qi into satu¬ 
ration. This transistion of Qi from 
cutoff to saturation is very rapid. 

Capacitor Cs and inductor Li, con¬ 
nected from the junction of resistor 
Ri and capacitor C 4 to ground, are 
series resonant at the horizontal- 
scan frequency, and shunt to ground 
any 15.734-kHz energy which may 
be present. The presence of horizon¬ 
tal ripple at the vertical switch tends 
to synchronize the vertical scan with 
the horizontal scan and causes a de¬ 
gradation of interlace. Resistor Ro 
and capacitor Ci shape the feedback 
pulse so that the transition of Qi 
from cutoff to saturation is as rapid 
as possible. 

When Qi saturates, Q* reaches 
maximum conduction, and the yoke 
current rises to maximum in the 
direction which produces maximum 
upward deflection. During retrace, 
the base current of transistor Qi 
charges capacitor Ca negatively. The 
duration of the scanning is deter¬ 
mined by the length of time required 
for the base of Qi to become for- 
ward-biased once more. 

A second feedback circuit improves 
the frequency stability of the os¬ 
cillator circuit. During the top half 
of scan, output transistor Qs is cut 
off, and the voltage at the junction 
of resistors Rg and Rio is essentially 
zero. Therefore, the voltage rise at 
the base of switch transistor Qi is 
exponential. But, as scan nears the 
bottom of the raster, transistor Q* 
conducts, and causes a positive volt¬ 
age to be developed across resistor 
Ro. This voltage sharpens the voltage 
rise at the base of Qi, so that its 
transistion from cutoff to saturation 
is more rapid. Similarly, the sharp 
drop in voltage across Ro (from 
maximum to zero during the first 
half of retrace) enhances the cut¬ 
off characteristics of the Qi circuit. 

The composite sync signal is in¬ 
troduced into the vertical system at 
terminal 12 . Resistor R 2 and capaci¬ 
tor C 2 integrate the input so that the 
horizontal sync pulses are reduced in 
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Fig. 690 — Vertical-switch circuit. 


amplitude to about 8 volts and the 
vertical pulses about twice this am¬ 
plitude. Since diode CRi has about 
12 volts of positive bias on its cath¬ 
ode, only the vertical sync pulse can 
pass to the switch transistor. If the 
free-running frequency of the verti¬ 
cal system is slightly less than the 
vertical-sync rate, Qi is at the thresh¬ 
old of conduction when each sync 
pulse arrives, so that the vertical 
system is synchronized at the ver¬ 
tical-sync pulse rate. 

Vertical Driver and Output Stage 
—Fig. 691 shows the schematic dia¬ 
gram of the vertical-system driver 
and of the output stage with the yoke 
circuit simplified. The circuit con¬ 
figuration is very similar to that of 
a high-quality audio power amplifier. 
The yoke itself is analogous to the 
speaker voice coil, Cc is the coupling 
capacitor, and Ry is the equivalent 
of the total resistance of the yoke 
and convergence circuit. The value 
of capacitor Cc is selected to pro¬ 
vide maximum energy transfer at the 
vertical scanning frequency. Feed¬ 


back to the Miller capacitor is de¬ 
veloped across resistor Ria, and ca¬ 
pacitor Cio is a filter. 


77 



Fig. 691—Vertical driver, output, and 
simplified yoke circuit. 
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During retrace, transistor Qa is 
cut off, and its collector voltage rises 
towards the supply voltage; how¬ 
ever, the 65-volt zener diode CRi 
limits the maximum base bias of 
transistor Qt and, in this way, limits 
the yoke retrace current. During the 
scanning interval, the bases of tran¬ 
sistors Qt and Qs are driven progres¬ 
sively less positive at a linear rate. 
Conduction is through during 
most of the retrace time and as scan 
passes from the top of the raster to 
center. The voltage across capacitor 
Cc at vertical scan center has 


reached maximum (90° out of phase 
with the current), and during the 
lower half of scan, capacitor Cc dis¬ 
charges back through the yoke and 
transistor Qt. This current increases 
at a linear rate, because the forward 
bias on the base of transistor Q 4 is 
increasing at a linear rate. 

The diode connected between the 
bases of transistors Q 4 and Qs im¬ 
proves the switching characteristics 
of the transistors at mid-scan. Qs 
has zero bias as long as Q 4 is con¬ 
ducting. Therefore, only slight volt¬ 
age swings are necessary to cut off 


TO 



Fig. 692—Complete transistor vertical-deflection system that uses a quasi-complemen¬ 
tary-symmetry output stage. 
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Q 4 and turn on Q 5 at the center of 
the raster. If the diode were shorted 
or bypassed, reverse bias would ex¬ 
ist between base and emitter of Q 5 
while Q 4 was conducting, and con¬ 
sequently there would be appreciably 
more disturbance in the circuit dur¬ 
ing transition time. 


Vertical Circuit that Uses a 
Quasi-Complementary-Symmetry 
Output Stage 

A disadvantage of the true-com¬ 
plementary-symmetry vertical-out¬ 
put circuit is the higher cost of p-n-p 
power transistors in comparison to 
n-p-n power transistors. Because 
control of the base diffusion is more 
difficult in p-n-p devices, their cost 


is generally 25 per cent more than 
comparable n-p-n devices. 

Fig. 692 shows the complete cir¬ 
cuit diagram for a vertical-deflection 
system that uses a quasi-complemen¬ 
tary-symmetry output stage to drive 
a low-impedance toroidal yoke (L = 
950 microhenries, R = 1.5 ohms). 
This system is basically the same 
as described earlier in which a 
true-complementary symmetry out¬ 
put stage is used, with the exception 
of some minor modifications neces¬ 
sary to supply the higher deflection 
current required for the toroidal 
yoke. 

Transistors Qa and Qs are func¬ 
tionally equivalent to the n-p-n 
output device in the true-complemen- 
tary-symnietry circuit and transis¬ 
tors Q 4 and Qc function as an 
equivalent p-n-p device. 
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T N the transmission of picture sig- 
^ nals for color-television receivers, 
all the color information is contained 
in three signals, a luminance (black- 
and-white) or monochrome signal 
and two chrominance signals. The 
luminance signal, which is called the 

Y signal, contains brightness infor¬ 
mation only. The voltage response 
of the Y signal is made similar to 
the brightness response of the hu¬ 
man eye by use of a composite sig¬ 
nal that contains definite propor¬ 
tions of the red, green, and blue 
signals from the color-television 
camera (30 per cent red, 59 per cent 
green, and 11 per cent blue). This 

Y signal, which includes sync and 
blanking pulses, provides a correct 
monochrome picture in a conven¬ 
tional black-and-white television re¬ 
ceiver. 


BASIC SYSTEM 
REQUIREMENTS 

For the generation of color-tele¬ 
vision signals, the Y signal is sub¬ 
tracted from the red, green, and 
blue signals to provide a new set of 
color-difference signals, which are 
designated as R-Y, B-Y, and G-Y. 
All of the original picture informa¬ 
tion is contained in the Y signal, the 
R-Y signal, and the B-Y signal. 
Therefore, the G-Y signal is not 
contained in the transmitted signal, 
but is synthesized in the receiver by 
proper combinations of the R-Y and 
B-Y signals. 


(Color signals transmitted under 
present color-television standards 
are not R-Y and B-Y, but a similar 
pair of signals designated as I and 
Q. In the color-television receiver, 
R-Y and B-Y sginals are demodu¬ 
lated directly from the I and Q 
signals with negligible loss of color 
quality. For purposes of simplicity, 
only R-Y and B-Y signals are con¬ 
sidered in this explanation. In ad¬ 
dition, a 90-degree phase-shift 
network is shown; the phase-shift 
angle could be, and often is, some 
other value.) 

Because the luminance signal and 
the two color-difference signals must 
be transmitted with a standard 6- 
MHz channel, the two color signals 
are combined into one signal at the 
transmitter and are independently 
recovered at the receiver by proper 
detection techniques. A color sub¬ 
carrier of approximately 3.58 MHz 
is used for transmitting the color 
information within the 6-MHz spec¬ 
trum of the television station. As 
shown in Fig. 693, the 3.58-MHz 
subcarrier and one of the color- 
difference signals are applied di¬ 
rectly to a balanced AM modulator. 
The other color-difference signal is 
applied directly to a second bal¬ 
anced AM modulator, and the 3.58- 
MHz subcarrier is applied to this 
second modulator through a 90- 
degree phase-shifting network. The 
balanced modulators effectively can¬ 
cel both the individual color-differ¬ 
ence signals and the subcarrier 
signal, and the output contains only 
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Fig. 693—Formation of combined color signal for transmission. 


the sidebands of the combined 
chrominance signal. 

Recovery of the color information 
at the receiver involves a process 
called synchronous detection. In this 
process, two separate detectors are 
used to recover the separate color 
information, just as two separate 
modulators were used to combine 
the information at the transmitter. 
The 3.58-MHz subcarrier, which was 
suppressed during transmission, 
must be reinserted at the receiver 
for recovery of the color informa¬ 
tion. The basis of synchronous detec¬ 
tion is the phase relationship of 
this reinserted 3.58-MHz subcarrier. 

For example, the original color in¬ 
formation is represented in Fig. 693 
by the color-difference signals A 
and B. At the receiver, the combined 
color signal is fed to two demodu¬ 
lators A and B, as shown in Fig. 
694. At the same time, a 3.58-MHz 
subcarrier is also fed to the two 
demodulators, with the same phase 
relationship that was used in the 


modulators at the transmitter. This 
locally generated subcarrier essen¬ 
tially duplicates or replaces the 
original subcarrier, which was re¬ 
moved at the transmitter. 

The local 3.58-MHz oscillator in 
the color-television receiver is made 
to function at the proper frequency 
and phase by means of a synchro¬ 
nizing signal sent out by the trans¬ 
mitter. The synchronizing signal 
consists of a short burst of 3.58- 
MHz signals transmitted during the 
horizontal blanking interval, im¬ 
mediately after the horizontal sync 
pulse, as shown in Fig. 695. 


HORIZONTAL 



BURST OF 3.58 MHz 
^(8 CYCLES MIN) 


horizontal 

■ BLANKING INTERVAL-H 
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Fig. 695—Waveform for synchronizing 
signal. 
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Fig. 694—Separation of combined color signal into two signals at the receiver. 
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INTEGRATED-CIRCUIT 
CHROMA SYSTEMS 

New color-TV receiver designs in¬ 
dicate a rapidly changing trend 
toward all solid-state circuitry with 
special emphasis on monolithic in¬ 
tegrated circuits. The solid-state 
color-demodulator circuits in these 
receivers provide excellent demodu¬ 
lation gain, linearity, and uniform¬ 
ity. These advantages are easily 
achieved by the integrated-circuit 
design of the balanced demodulator. 
At present, the integrated circuit is 
economically adaptable to the cur¬ 
rent design requirements of the 
color-picture-tube circuits. Two com¬ 
plete integrated-circuit chroma sys¬ 
tems are described in the following 
sections. One system uses a CA3126 
for signal processing, and a CA- 
3067 for demodulation; the other 
system uses a CA3070 signal proces¬ 
sor and a CA3121 demodulator. 

CA3126/CA3067 System 

Fig. 696 shows a functional dia¬ 
gram of the complete TV-receiver 
chroma system that uses RCA-CA- 
3126 and RCA-CA3067 monolithic 
integrated circuits. It is a phase- 
locked-loop system, using sample- 
and-hold circuit techniques. 


CA3126 Signal Processor—The 
signal flow and organization of the 
CA3126 are shown in block form in 
Fig. 697. The composite chroma sig¬ 
nal is applied to the first chroma 
amplifier. The output from this stage 
proceeds along three paths. The first 
path leads to the doubly-balanced 
wide-band AFPC detector. Here the 
burst signal is compared with the 
reference carrier to produce the re¬ 
quired error signal for synchroniza¬ 
tion. Two sample-and-hold circuits 
serve to achieve high detection effi¬ 
ciency and bias stability. One 
sample-and-hold circuit samples the 
detected signal during the horizon¬ 
tal keying interval and stores the 
peak error signal in a filter capaci¬ 
tor. A second similar circuit pro¬ 
vides an accurate reference potential 
as described later. The bias stabil¬ 
ity of this system is sufficient to 
eliminate the need for the adjust¬ 
ments required in conventional cir¬ 
cuit design. 

The detected and filtered burst 
signal controls the frequency and 
phase of a voltage-controlled oscilla¬ 
tor (VCO) by operating on an elec¬ 
tronic phase-shifter. The VCO con¬ 
sists of an amplifier-limiter followed 
by the electronic phase-shifter. A 
crystal filter located between the 
output of the phase-shifter and the 
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Fig. 696—Simplified functional diagram of a two-package TV chroma system utilizing 

the CA3126 and CA3067. 
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- FILTER - 


Fig. 697—Functional diagram of the RCA-CA3126 (continued on page 563). 


input of the amplifier-limiter closes 
the loop of the VCO. The filtered 
oscillator signal is amplified to pro¬ 
duce the required reference carriers 
for the AFPC and ACC synchronous 
detectors. The required quadrature 
relationship is obtained by -1- 7r/4 
and — 7r/4 radian integrated phase- 
shift networks. 

The ACC-killer detector is simi¬ 
lar in structure to the AFPC detec¬ 
tor, and is also driven from the first 
chroma amplifier stage. It detects 
synchronously the in-phase com¬ 
ponent of the burst signal and pro¬ 
duces a pulse signal proportional in 


amplitude to the level of the burst 
signal. The resulting control signal 
passes through a sampling circuit, 
as described above, and is applied 
to the killer and ACC amplifiers. 
The action of both amplifiers is de¬ 
layed so that the unkill action takes 
place prior to ACC and the latter is 
fully activated upon reaching the 
predetermined burst level. The ACC 
amplifier controls the gain of the 
first chroma amplifier so as to main¬ 
tain the burst signal constant while 
the killer amplifier enables the out¬ 
put stage in the presence of the 
burst signal. 
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Fig. 697—Functional diagram of the RCA-CA3126 (continued from page 562). 


The signal level to the second 
chroma amplifier is reduced to one 
fourth of the available signal level 
to allow for the extremes of the 
chroma signal excursions. A hori¬ 
zontal rate keyer operating on this 
stage removes the burst signal so 
that the output stage is activated 
only during the horizontal scanning 
interval. A saturation control, avail¬ 
able for front panel control, allows 
a continuous gain adjustment of 
this amplifier. A desirable feature 
of this control is the linear corre¬ 
spondence between the control bias 
and the chroma output signal. The 


chroma maximum level corresponds 
to the maximum bias potential with¬ 
out a dead spot at the extreme of 
the control range. A threshold type 
overload detector monitors the out¬ 
put signal and maintains the output 
from the second chroma amplifier 
below an arbitrary set level. This 
prevents the overload of the picture 
tube usually experienced on noisy 
or excessively large chroma signals. 
The required keying signals for the 
various functions are generated by 
two cascaded keyer stages in which 
either polarity pulses can be gener¬ 
ated. 
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CA3067 Demodulator—The CA3067 
contains the separate functional sys¬ 
tems of a dc tint control and a de¬ 
modulator. The functional diagram 
and external connection for this cir¬ 
cuit are shown in Fig. 698. The 
phase shift of the tint amplifier sys¬ 
tem is accomplished by functional 
control of the fixed phase signal 
from the CA3126 oscillator output. 


proximately 76°). These terminals 
are inputs to the demodulator drive 
amplifiers. The demodulators consist 
of two sets of balanced detectors 
which receive their reference sub¬ 
carrier from the demodulator drive 
amplifiers. The chroma signal input 
from the CA3126 is applied to termi¬ 
nal No. 14. The chroma signal dif¬ 
ferentially drives the demodulators. 



ALL RESISTANCE VALUES ARE IN OHMS 

UNLESS OTHERWISE INDICATED, ALL CAPACITANCE VALUES: 
LESS THAN 1.0 ARE IN MICROFARADS 
1.0 OR GREATER ARE IN PICOFARADS 


Fig. 698—Functional diagram of the RCA-CA3067. 


This regenerated reference sub¬ 
carrier is applied to terminal No. 3 
and driven differentially into phase 
shift circuits. The tint adjustment 
controls the vector addition of phase 
shifted signals after which a limit¬ 
ing amplifier removes any remaining 
amplitude modulation. The output 
of the tint amplifier at terminal No. 
1 is phase separated for the re- 
-quired reference subcarrier phase at 
terminals No. 6 and No. 12 (terminal 
No. 12 lags terminal No. 6 by ap- 


The demodulation components are 
matrixed and dc-shifted in voltage 
to give R-Y, G-Y, and B-Y color 
difference components with close dc 
balance and proper amplitude ratios. 
The output amplifiers of the CA3067 
are. specially designed to meet the 
low-impedance driving source re¬ 
quirements of the high-level color 
output amplifiers. A special feature 
of the CA3067 is RC filtering of 
high-frequency demodulation com¬ 
ponents. Terminal No. 4 is a zener 
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diode for use as a regulated volt¬ 
age reference at 11.9 volts. When the 
zener reference element is not used, 
the power supply should be main¬ 
tained at -1-11.2 ±; 0.5 volts. 

CA3070/CA3121 System 

Fig. 699 shows a functional dia¬ 
gram of a TV receiver chroma sys¬ 
tem that uses RCA-CA3070 and 
RCA-CA3121 monolithic integrated 
circuits. This system, which is also a 
phase-locked-loop type, provides a 
high-level output. 

CA3070 Signal Processor—The 
CA3070, shown in Fig. 700, is a com¬ 
plete subcarrier regeneration system 
with automatic phase control applied 
to the oscillator. As shown in Fig. 
699, an amplified chroma signal 
from the CA3121 is applied to termi¬ 
nals No. 13 and No. 14, which are 
the automatic phase control (APC) 
and the automatic chroma control 
(ACC) inputs. APC and ACC detec¬ 
tion is keyed by the horizontal pulse 
which also inhibits the oscillator 
output amplifier during the burst in¬ 
terval. 

The ACC system uses a syn¬ 
chronous detector to develop a cor¬ 
rection voltage at the differential 
output terminal Nos. 15 and 16. This 
control signal is applied to the in¬ 
put terminal Nos. 1 and 16 of the 
CA3121. The APC system also uses 
a synchronous detector. The APC 
error voltage is internally coupled 
to the 3.58-MHz oscillator at bal¬ 
ance ; the phase of the signal at 
terminal No. 13 is in quadrature 
with the oscillator. 

To accomplish phasing require¬ 
ments, an RC phase shift network 
is used between the chroma input 
and terminal Nos. 13 and 14. The 
feedback loop of the oscillator is 
from terminal Nos. 7 and 8 back to 
No. 6. The same oscillator signal is 
available at terminal Nos. 7 and 8, 
but the dc output of the APC detec¬ 
tor controls the relative signal levels 
at terminal No. 7 or No. 8. Because 


the output at terminal No. 8 is 
shifted in phase compared to the 
output at terminal No. 7, which is 
applied directly to the crystal cir¬ 
cuit, control of the relative ampli¬ 
tudes at terminal Nos. 7 and 8 alters 
the phase in the feedback loop, 
thereby changing the frequency of 
the crystal oscillator. Balance ad¬ 
justments of dc offsets are provided 
to establish an initial no-signal off¬ 
set control in the ACC output, and a 
no-signal, on-frequency adjustment 
through the APC detector-amplifier 
circuit which controls the oscillator 
frequency. The oscillator output 
stage is differentially controlled at 
terminal Nos. 2 and 3 by the hue 
control input to terminal No. 1. The 
hue phase shift is accomplished by 
the external R, L, and C components 
that couple the oscillator output to 
the demodulator input terminals. 
The CA3070 includes a shunt regu¬ 
lator to establish a 12-volt dc supply. 

CA3121 Demodulator — The 
CA3121, shown in Fig. 701, consists 
of three basic circuit sections: (1) 
amplifier No. 1, (2) amplifier No. 2, 
and (3) demodulator. Amplifier No. 

1 contains the circuitry for automatic 
chroma control (ACC) and color- 
killer sensing. The output of ampli¬ 
fier No. 1 (Terminal 3) is coupled 
to the chroma signal processor 
(CA3070) for ACC and automatic 
phase control (APC) operation and 
to the input of amplifier No. 2 
(Terminal 4) containing the chroma 
gain control circuitry. The signal 
from the color-killer circuit in am¬ 
plifier No. 1 acts upon amplifier No. 

2 to greatly reduce its gain. 

The output from amplifier No. 2 
(Terminal 14) is applied, through 
a filtering network, to the demodu¬ 
lator input (Terminal 13). The de¬ 
modulator also receives the R-Y and 
B-Y demodulation subcarrier sig¬ 
nals (Terminals 7 and 8) from the 
oscillator output of the chroma sig¬ 
nal processor. The R-Y and B-Y 
demodulators and the matrix net¬ 
work contained in the demodulator 
section of the CA3121 reconstruct 
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Fig. 699—Simplified functional diagram of a two-package TV chroma system utilizing 

the CA3070 and CA3121. 
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ACC OUTPUT 



Fig. 700—Functional diagram of the RCA-CA3070. 


the G-Y signal to achieve the R-Y, 
G-Y, and B-Y color difference sig¬ 
nals. These high-level outputs sig¬ 
nals with low impedance outputs 


are suitable for driving high-level 
R, G, B output amplifiers. Internal 
capacitors are included on each out¬ 
put to filter out unwanted harmonics. 
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Fig. 701—Functional diagram of the RCA-CA3121. 
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Guide To RCA 
Solid-State Products 


T his section is intended as a guide 
to the use of RCA transistors, 
thyristors, rectifiers, and integrated 
circuits. Package considerations are 
discussed, and techniques for mount¬ 
ing and handling are described. 
Tables present all of the types in the 
line of standard RCA solid-state de¬ 
vices, including military-specification 
(JAN, JANTX, and JANTXV) types 
and RCA high-reliability types and 
also all the RCA ‘Top-of-the-line’^ 
SK-series replacement solid-state de¬ 
vices. Dimensional outlines are shown 
for all types, both standard and SK. 

PACKAGES FOR SOLID-STATE 
DEVICES 

RCA solid-state devices are sup¬ 
plied in both hermetic packages 
(metal and/or ceramic) and plastic 
packages. The photographs in Fig. 
702 show the packages that are used 
for RCA transistors, thyristors, and 
rectifiers. 

Fig. 703 shows the packages that 
are used for RCA integrated circuits. 
The different package designs offer 
variety in package parasitics, in 
mounting and connection considera¬ 
tions, in cooling techniques, in resis¬ 
tance to environmental effects, and 
in cost. 

The volume and area of the pack¬ 
age are important in determining the 
power dissipation capability of a 
solid-state device; chip mounting and 


encapsulation are also factors. The 
maximum allowable power dissipa¬ 
tion in the device is limited by its 
junction temperature, which depends 
upon the ability of the thermal cir¬ 
cuit to conduct heat away from the 
chip. The predominant mode of heat 
transfer is conduction through the 
silicon chip and through the case; the 
effects of internal free convection 
and radiation and lead conduction are 
small and may be neglected. The 
thermal resistance from pellet to 
case depends upon the pellet dimen¬ 
sions and the package configuration. 

When the device is operated in free 
air, without a heat sink, the steady- 
state thermal circuit is defined by 
the junction-to-free-air thermal re¬ 
sistance. Thermal considerations re¬ 
quire that there be a free flow of air 
around the device and that the power 
dissipation be maintained below that 
which would cause the junction tem¬ 
perature to rise above the maximum 
rating. When the device is mounted 
on a heat sink, however, care must be 
taken to assure that all portions of 
the thermal circuit are considered. 

Fig. 704 shows the thermal circuit 
for a heat-sink-mounted device. This 
figure shows that the junction-to- 
ambient thermal circuit includes 
three series thermal-resistaiice com¬ 
ponents, i.e., junction-to-case, R^jc*, 
case-to-heat-sink, R^cs; and heat- 
sink-to-ambient, R^sa. The junction- 
to-case thermal resistance of the 
various device types is given in the in- 
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Fig. 702—Hermetic and plastic packages used for RCA transistors, thyristors, and recti¬ 
fiers (Continued on the next page). 
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8L TO-5 (8 Lead TO-5) 

■ ^ 

8-Lead Dual-ln-Line (DIL-CAN) TO-5 

(Tt 

10L TO-5 (10 Lead TO-5) 



12L TO-5 (12 Lead TO-5) 



12-Lead TO-5 [CA3062] 

" 

8L DICF (8-Lead Dual-In- Line 
Ceramic, Frit-Seal) 



8L DIP (Mini Dip) 

(8-Lead Dual-ln-Line Plastic) 



ML Die * * 

(14-Lead Dual-ln-Line Ceramic) 



14L DIP (14-Lead Dual-ln-Line Plastic) 


■ ^ 

ML DICF 

(M-Lead Dual-ln-Line Ceramic, 
Frit-Seal) 



ML FP (Flat Pack) 


ML QUIP (M-Lead Quad-In- 
Line Package) 



16L Die (16-Lead Dual-ln-Line 
Ceramic) 



16L DIP (16-Lead Dual-ln-Line Plastic) 



16L DICF (16-Lead Dual ln-Line 
Ceramic, Frit-Seal) 



16L FP (16-Lead Flat Pack) 


0 

16LQUIP 

(16-Lead Quad-In-Line Plastic) 



20LQUIP 

(20-Lead QUAD-ln-Line Plastic) 



24L Die 

(24-Lead Dual-ln-Line Ceramic) 



24L FP (24-Lead Flatpack) 



28L Die 

(28-Lead Dual-ln-Line Ceramic) 


Fig. 703—Hermetic and plastic packages used for RCA integrated circuits. 
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Tj =junction temperature 
Tq =case temperature 
T5 =heat-sink temperature 
=ambient temperature 
Rfl jC=iunction-to-case thermal resistance 
thermal resistance 
thermal resistance 
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Fig. 704—Thermal equivalent cicuit for a solid-state device mounted on a heat sink. 


dividual technical bulletins on spe¬ 
cific types. The heat-sink-to-ambient 
thermal resistance can be determined 
from the technical data provided by 
the heat-sink manufacturer, or from 
published heat-sink nomographs. The 
case-to-heat-sink thermal resistance 
depends on several factors, which in¬ 
clude the condition of the heat-sink 
surface, the type of material and 
thickness of the insulator, the type 
of thermal compound, the mounting 
torque, and the diameter of the 
mounting hole in the heat-sink. 

The dimensional outlines for all 
RCA solid-state device packages are 
shown at the end of this section. 

MOUNTING AND CONNECTION 
TECHNIQUES 

The selection of a particular 
method for mounting and connec¬ 
tion of solid-state devices in equip¬ 
ment depends on the type of package 
involved; on the equipment available 
for mounting and interconnection; on 
the connection method used (sol¬ 
dered, welded, crimped, etc.); on the 
size, shape, and weight of the equip¬ 
ment package; on the degree of re¬ 
liability and maintainability (ease 
of replacement) required; and, of 
course, on cost considerations. 

In the following discussion, the in¬ 
formation given applies to the pack¬ 
age rather than the device unless 
otherwise specified. In other words, 
the discussion of handling and 
mounting of the TO-5 package is un¬ 
derstood to cover mounting of tran¬ 


sistors, silicon rectifiers, and thyris¬ 
tors in TO-5 packages. 

Packages with Flexible Leads 

Some solid-state device packages 
have flexible leads; these leads are 
usually soldered to the circuit ele¬ 
ments. In all soldering operations, 
some slack or an expansion elbow 
should be provided in each lead to 
prevent excessive tension on the 
leads. Excessive heat should be 
avoided during the soldering opera¬ 
tion to prevent possible damage to 
the devices. Some of the heat can be 
absorbed if the flexible lead of the 
device is grasped between the case 
and the soldering point with a pair 
of long-nosed pliers. 

Although flexible leads can be bent 
into almost any configuration to fit 
any mounting requirement, they are 
not intended to take repeated bend¬ 
ing. In particular, repeated bending 
at the point at which the lead enters 
the case should be avoided. The leads 
are not especially brittle at this 
point, but the sharp edge of the case 
produces an excessively small radius 
of curvature in a bend made at the 
case. Repeated bending with a small 
radius of curvature at a fixed point 
will cause fatigue and breakage in 
almost any material. For this reason, 
right-angle bends should be made at 
least 0.020 inch from the case. This 
practice will avoid sharp bends and 
maintain sufficient electrical isola¬ 
tion between lead connections and 
header. A safe bend can be assured if 
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the lead is gripped with pliers close 
to the case and then bent the re¬ 
quisite amount with the fingers, as 
shown in Fig. 705. When the leads of 



Fig. 705—Method of bending leads on a 
flexible-lead package. 

a number of devices are to be bent 
into a particular configuration, it 
may be advantageous to use a lead¬ 
bending fixture to assure that all 
leads are bent to the same shape and 
in the correct place the first time, so 
that there is no need for the repeated 
bending. 

Transistors, thyristors, and recti¬ 
fiers should be mounted on heat sinks 
when they are operated at high 
power levels. An efficient heat-sink 
method for transistors in JEDEC 
TO-5 and modified TO-5 packages is 
to provide intimate contact between 
the heat sink and at least one-half 
of the base of the device opposite the 
leads. TO-5 packages can be mounted 
to the heat sink mechanically, with 
glue or an epoxy adhesive; soldering, 
however, is preferable for thyristors 
and rectifiers. Not only is the solder 
bond both permanent and most ef¬ 
ficient, but the thermal resistance 
R^cs from the case to the heat sink 
is easily kept below 1®C per watt 
under normal soldering conditions. 
Oven or hot-plate batch-soldering 
techniques are recommended because 
of their low cost. Transistors should 
not be soldered to the heat sink. 

Packages with Mounting Flanges 

The mounting flanges of packages 
such as the JEDEC-type TO-3 or 


TO-66 often serve as the collector or 
anode terminal. In such cases, it is 
essential that the mounting flange 
be securely fastened to the heat sink, 
which may be the equipment chassis. 
Under no circumstances, however, 
should the mounting flange be sol¬ 
dered directly to the heat sink or 
chassis because the heat of the sol¬ 
dering operation could permanently 
damage the device. 

Such devices can be installed in 
commercially available sockets. Elec¬ 
trical connections may also be made 
by soldering directly to the terminal 
pins. Such connections may be sol¬ 
dered to the pins close to the pin 
seats provided care is taken to con¬ 
duct excessive heat away from the 
seals; otherwise, the heat of the sol¬ 
dering operation could crack the pin 
seals and damage the device. 

During operation, the mounting- 
flange temperature is higher than the 
ambient temperature by an amount 
which depends on the heat sink used. 
The heat sink must provide sufficient 
thermal conduction to the ambient 
environment to assure that the tem¬ 
perature of the device mounting 
flange does not rise above the rated 
value. The heat sink or chassis may 
be connected to either the positive or 
negative supply. 

Fig. 706 shows methods of mount¬ 
ing flanged packages. Zinc-oxide- 
filled silicone grease should be used 
between the device and the heat sink 
to eliminate surface voids and to help 
conduct heat across the interface. 
Although glue or epoxy adhesive 
provides good bonding, a significant 
amount of thermal resistance may 
exist at the interface. To minimize 
this interface resistance, an adhesive 
material with low thermal resistance, 
such as Hysol* Epoxy Patch Material 
No. 6C or Wakefield* Delta Bond 
No. 152, or their equivalent, should 
be used. 


* Products of Hysol Coporation. Olean, 
New York, and Wakefield Engineering, 
Inc., Wakefield, Massachusetts, respectively. 
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2 SCREWS, 6 32 


2METAL WASHERS^^ 
2 LOCK WASHERS(g 
2 HEX. NUTS^^ 
2 SOLDER LUGS^/^^ 
2 HEX. NUTS 


495334-7 

2 NYLON INSULATING 
BUSHINGS 

I. D. = 0.156 in. (4.00 mm) 
SHOULDER DIA. = 0.250 in. 
(6.40 mm) MAX., 
SHOULDER THICKNESS 
= 0.050 in. (1.27 mm) MAX. 
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NOTE MAXIMUM TORQUE APPLIED TO MOUNTING 
FLANGE IS 12 in lbs (0 14 kgf ml. 



2 SCREWS, 4 40 



2 METAL WASHERS 


© 


2 LOCK WASHERS 


2 HEX. NUTS 






2 SCREWS, 6-32 




2 LOCK WASHERS 



2 LOCK WASHERS 
2 HEX. NUTS 


2 SOLDER LUGS 
2 HEX. NUTS 


2 HEX. NUTS 




NOTE; MAXIMUM TORQUE APPLIED TO MOUNTING FLANGE 
IS 12 in. lbs. (0.14 kgf m) 


92CS-22560E 


92CS22S61E 

Fig. 706—Methods of mounting flanged packages. 


Stud Packages 

Some high-power solid-state de¬ 
vices are housed in stud packages 
like the TO-48 or DO-5 shown in Fig. 
702. Connection of these packages to 
the chassis or heat sink should be 
made at the flat surface of the device 
perpendicular to the threaded stud. 
A large mating surface should be 
provided to avoid hot spots and high 
thermal drop. The hole for the stud 
should be only as large as necessary 


for clearance and should contain no 
burrs or ridges on its perimeter. As 
mentioned in the discussion of 
flanged packages, the use of a zinc- 
oxide-filled silicone grease between 
the device and the heat sink elimi¬ 
nates surface voids, prevents insula¬ 
tion buildup due to oxidation, and 
helps conduct heat across the inter¬ 
face. The package can be screwed 
directly into the heat sink or can be 
fastened by means of a nut. In either 
case, care must be taken to avoid the 
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application of too much torque lest 
the semiconductor junction be dam¬ 
aged. Maximum limitations are given 
in the technical data for the particu¬ 
lar devices. (CAUTION: Flexible, 
stranded wire should be used for all 
connections to the terminals that ex¬ 
tend through the glass seals in both 
stud and press-fit packages. Exces¬ 
sive torque on these terminals may 
damage the seals and cause a loss in 
package hermeticity, which leads to 


premature device failure. These ter¬ 
minals, therefore, should not be bent 
under any circumstances.) 

Although the studs are made of 
relatively soft copper to provide high 
thermal conductivity, the threads 
cannot be relied upon to provide a 
mating surface. The actual heat 
transfer must take place on the un¬ 
derside of the hexagonal part of the 
package. Fig. 707 shows suggested 
mounting arrangements of some 






• Only hardware 


isolated-stud package 


Fig. 707—Mounting arrangements for higher-current-type stud packages. 
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higher-current-type stud packages. 
Mounting components are shown 
with each package. With these 
mounting components, the increase 
in thermal resistance R^cs from the 
case to the heat-sink surface can be 
maintained as low as 0.1 °C per watt. 

Press-fit Packages 

Press-fit packages are used for 
some thyristors. Press-fit mounting 
depends upon an interference fit be¬ 
tween the thyristor case and the heat 
sink. As the thyristor is forced into 
the heat-sink hole, metal from the 
heat sink flows into the knurl voids 
of the thyristor case. The resulting 
close contact between the heat sink 
and thyristor case assures low- 
thermal resistances. 

The recommended mounting meth¬ 
od shown in Fig. 708 shows press-fit 


800 LB. MAX. 



Fig. 708—Recommended mounting method 
for press-fit packages. 

knurl and heat-sink hole dimensions. 
If these dimensions are maintained, 
a “worst-case” condition of 0.0085- 
inch interference fit will allow press- 
fit insertion below the maximum al¬ 
lowable insertion force of 800 pounds. 
A slight chamfer in the heat-sink 
hole will help center and guide the 
press-fit package properly into the 
heat sink. The insertion tool should 
be a hollow shaft having an inner 
diameter of 0.380 ±: 0.010 inch and an 


outer diameter of 0.500 inch. These 
dimensions provide sufficient clear¬ 
ance for the leads and assure that nc 
direct force is applied to the glass 
seal of the thyristor. (Refer to CAU¬ 
TION note shown in section on Stud 
Packages.) 

The press-fit package is not re¬ 
stricted to a single mounting ar¬ 
rangement; direct soldering and the 
use of epoxy adhesives have been 
successfully employed. The press-fit 
case is tin-plated to facilitate direct 
soldering to the heat sink. A 60-40 
solder should be used, and heat 
should be applied only long enough 
to allow the solder to flow freely. 

Molded-Plastic Packages 

RCA power transistors and thyris¬ 
tors (SCR’s and triacs) in molded- 
silicone-plastic packages are avail¬ 
able in a wide range of power-dissi¬ 
pation ratings and a variety of pack¬ 
age configurations. 

The most popular molded-plastic 
packages are the VERSAWATT 
packages, which are designed for 
ease of use in many applications. The 
JEDEC TO-220AB in-line-lead ver¬ 
sion, shown in Fig. 702, represents 
the basic style. This configuration 
features leads that can be formed to 
meet a variety of specific mounting 
requirements. The JEDEC TO-220AA 
version of the VERSAWATT pack¬ 
age can replace the JEDEC TO-66 
transistor package in a commercial 
socket or printed-circuit board with¬ 
out retooling. The pin-connection ar¬ 
rangement of thyristors supplied in 
TO-220AA packages, however, dif¬ 
fers from that of thyristors supplied 
in conventional TO-66 packages so 
that some hardware changes are re¬ 
quired to effect a replacement. The 
TO-220AA VERSAWATT package 
can also be obtained with an integral 
heat sink 

RCA VERSAWATT plastic pack¬ 
ages are both rugged and versatile 
within the confines of commonly ac¬ 
cepted standards for such devices. 
Although these versatile packages 
lend themselves to numerous ar- 
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rangements, provision of a wide va¬ 
riety of lead configuration to conform 
to the specific requirements of many 
different mounting arrangements is 
highly impractical. However, the 
leads of the VERSA WATT in-line 
package can be formed to a custom 
shape, provided that they are not 
indiscriminately twisted or bent. Al¬ 
though these leads can be formed, 
they are not flexible in the general 
sense, nor are they sufficiently rigid 
for unrestrained wire wrapping. 

Before an attempt is made to form 
the leads of an in-line package to 
meet the requirements of a specific 
application, the desired lead con¬ 
figuration should be determined, and 
a lead-bending fixture should be de¬ 
signed and constructed. The use of a 
properly designed fixture for this op¬ 
eration eliminates the need for re¬ 
peated lead bending. When the use 
of a special bending fixture is not 
practical, a pair of long-nosed pliers 
may be used. The pliers should hold 
the lead firmly between the bending 
point and the case, but should not 
touch the case. Fig. 709 illustrates 
the use of long-nosed pliers for lead 
bending. Fig. 709(a) shows tech¬ 
niques that should be avoided; Fig. 
709(b) shows the correct method. 


When the leads of an in-line plastic 
package are to be formed, whether 
by use of long-nosed pliers or a spe¬ 
cial bending fixture, the following 
precautions must be observed to 
avoid internal damage to the device: 

1. Restrain the lead between the 
bending point and the plastic case to 
prevent relative movement between 
the lead and the case. 

2. When the bend is made in the 
plane of the lead (spreading), bend 
only the narrow part of the lead. 

3. When the bend is made in the 
plane perpendicular to that of the 
leads, make the bend at least Vs inch 
from the plastic case. 

4. Do not use a lead-bend radius 
of less than 1/16 inch. 

5. Avoid repeated bending of leads. 

The leads of the TO-220AB VER- 

SAWATT in-line package are not 
designed to withstand excessive axial 
pull. Force in this direction greater 
than 4 pounds may result in perma¬ 
nent damage to the device. If the 
mounting arrangement tends to im¬ 
pose axial stress on the leads, some 
method of strain relief should be de¬ 
vised. 

Wire wrapping of the leads is per¬ 
missible, provided that the lead is 
restrained between the plastic case 



LEAD IS NOT RESTRAINED BETWEEN 
BENDING POINT AND PLASTIC CASE. 

(a) 



92CS-26385 


Fig J09—Use of long-nosed pliers for lead bending: (a) incorrect method; (b) correct 

method. 




Guide To RCA Solid-State Products 


579 


and the point of the wrapping. Sol¬ 
dering to the leads is also allowed; 
the maximum soldering temperature, 
however, must not exceed 275°C and 
must be applied for not more than 5 
seconds at a distance greater than Vs 
inch from the plastic case. When 
wires are used for connections, care 


should be exercised to assure that 
movement of the wire does not cause 
movement of the lead at the lead-to- 
plastic junctions. 

Fig. 710 shows recommended 
mounting arrangements and sug¬ 
gested hardware for VERS A WATT 
devices. The rectangular washer 



LOCK WASHER Q 
HEX NUT 

SOLDER LUG 


HEX NUT 




(a) 



92CS-2IZ79RI 


_ SCREW, 6-32 

® NR231A 

- RECTANGULAR METAL 
WASHER 



METAL WASHER O 
LOCK WASHER <3 
HEX NUT @ 


SOLDER LUG 
HEX NUT 


(c) 


Fig. 710—Mounting arrangements for VERS AW ATT transistors: (a) and (b) methods of 
mounting in-line-lead types; (c) chassis mounting. 
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(NR231A) shown in Fig. 710(a) is 
designed to minimize distortion of 
the mounting flange when the device 
is fastened to a heat sink. Excessive 
distortion of the flange could cause 
damage to the device. The washer is 
particularly important when the size 
of the mounting hole exceeds 0.140 
inch (6-32 clearance). Larger holes 
are needed to accommodate insulat¬ 
ing bushings; however, the holes 
should not be larger than necessary 
to provide hardware clearance and, in 
any case, should not exceed a diam¬ 
eter of 0.250 inch. Flange distortion 
is also possible if excessive torque is 
used during mounting. A maximum 
torque of 8 inch-pounds is recom¬ 
mended. The tool used to drive the 
mounting screw should never come in 
contact with the plastic body during 
driving operation. Such contact can 
result in damage to the plastic body 
and internal device connections. An 
excellent method of avoiding this 
problem is to use a spacer or com¬ 
bination spacer-isolating bushing 
which raises the screw head or nut 
above the top surface of the plastic 
body, as shown in Fig. 711. Sug¬ 
gested materials for these bushings 
are diallphthalate, fiberglass-filled 
nylon, or fiberglass-filled polycarbo- 




Fig. 711—Mounting arrangements in which 
an isolating bushing is used to raise the 
head of the mounting screw above the 
plastic body of the VERS AW ATT device. 


nate. Unfilled nylon should be 
avoided. 

Modification of the flange can also 
result in flange distortion and should 
not be attempted. The flange should 
not be soldered to the heat sink by 
use of lead-tin solder because the 
heat required with this type of solder 
will cause the junction temperature 
of the device to become excessive. 

TO-220AA devices can be mounted 
in commercially available TO-66 
sockets, such as UID Electronics 
Corp. Socket No. PTS-4 or equiva¬ 
lent. For testing purposes, the TO- 
220AB in-line package can be 
mounted in a Jetron Socket No. 
CD74-104 or equivalent. Regardless 
of the mounting method, the follow¬ 
ing precautions should be taken: 

1. Use appropriate hardware. 

2. Always fasten the devices to 
the heat sink before the leads are 
soldered to fixed terminals. 

3. Never allow the mounting tool 
to come in contact with the plastic 
case. 

4. Never exceed a torque of 8 inch- 
pounds. 

5. Avoid oversize mounting holes. 

6. Provide strain relief if there is 
any probability that axial stress will 
be applied to the leads. 

7. Use insulating bushings made 
of materials that do not have hot- 
creep problems. Such bushings should 
be made of diallphthalate, fiberglass- 
filled nylon, or fiberglass-filled poly¬ 
carbonate. 

Many solvents are available for 
degreasing and removal of flux from 
device and printed-circuit board after 
the device has been mounted. The 
usual practice is to submerge the 
board in a solvent bath for a speci¬ 
fied time. From a reliability stand¬ 
point, however, it is extremely im¬ 
portant that the solvent, together 
with other chemicals in the solder¬ 
cleaning system (such as flux and 
solder covers), not adversely affect 
the life of the device. This considera¬ 
tion applies to all non-hermetic and 
molded-plastic devices. 

It is, of course, impractical to 
evaluate the effect on long-term de- 
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vice life of all cleaning solvents, 
which are marketed under a variety 
of brand names with numerous addi¬ 
tives. Chlorinated solvents, gasoline, 
and other hydrocarbons cause the 
inner encapsulant to swell and dam¬ 
age the transistor. Alcohols are ac¬ 
ceptable solvents and are recom¬ 
mended for flux removal whenever 
possible. Several examples of suit¬ 
able alcohols are listed below: 

1. methanol 

2. ethanol 

3. isopropanol 

4. blends of the above 

When considerations such as sol¬ 
vent flammability are of concern, 
selected freon-alcohol blends are us¬ 
able when exposure is limited. Sol¬ 
vents such as those listed below 
should be safe when used for normal 
flux removal operations, but care 
should be taken to assure their suita¬ 
bility in the cleaning procedure: 

1. Freon TE 

2. Freon TE-35 

3. Freon TP-35 (Freon PC) 

These solvents may be used for a 
maximum of 4 hours at 25°C or for 
a maximum of 1 hour at 50°C. 

Care must also be used in the se¬ 
lection of fluxes in the soldering of 
leads. Rosin or activated-rosin fluxes 
are recommended; organic fluxes are 
not. 

In addition to the VERSAWATT 
packages, the “plastic TO-5’’ pack¬ 
age shown in Fig. 712 is also used for 
some power transistors. The leads of 
plastic TO-5 package are similar in 
every way to those on the standard 
TO-5 package, so that the plastic 
can replace the metallic TO-5 in most 
sockets. 


Integrated-Circuit Packages 

RCA integrated circuits are sup¬ 
plied in a wide variety of packages. 
The three basic styles are: (1) metal 
hermetic packages of the TO-5 type; 
(2) ceramic flat-packs; (3) plastic or 
ceramic dual-in-line and quad-in-line 
packages. The TO-5 styles have 8, 



Fig. 712—Photograph of the “plastic TO-5'' 
package. 

10, or 12 leads, which may be straight 
or may be formed into a dual-in-line 
configuration (8-lead only) or into a 
circular configuration with a diame¬ 
ter that is larger than the diameter 
of the TO-5 package (radial off-set). 
The ceramic flat-packs have 14, 16, 
24, or 28 leads. Welded-seal ceramic 
dual-in-line packages are supplied 
with 14, 16, 24, or 28 leads, and frit- 
seal ceramic dual-in-line packages 
have 8, 14 or 16 leads. Plastic dual¬ 
in-lines have either 14 or 16 leads, 
and the plastic quad-in-line packages 
have 14, 16, or 20 leads. 

Sockets are available for most of 
these package configurations, and are 
useful as temporary mountings in de¬ 
sign and experimental work with the 
integrated circuit. For permanent 
connection, however, the integrated 
circuits are usually mounted directly 
on a printed circuit board by solder¬ 
ing the leads to the printed wiring. 
Sometimes the leads are welded to a 
post or to a tab. 

For RCA integrated circuits that 
use the TO-5-style package, the most 
direct method of mounting is the 
straight-through technique shown in 
Fig. 713. The leads of the device are 
simply inserted in plated-through 
holes in the printed-circuit board, 
and the connection is completed by 
dip-soldering or wave-soldering. 

Several methods for connecting 
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Fig. 713 — Straight-through method for 
mounting TO-5 packages. 

flat-pack packages are shown in Fig. 
714. Lead and terminal arrangements 
for through-the-board mounting and 
for surface mounting of these pack¬ 
ages are shown in Fig. 715. 
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Mounting and connection tech¬ 
niques for dual-in-line and quad-in- 
line packages are similar to those 
used in the in-line methods already 
discussed for the flat packages. The 
dual-in-line leads are larger than 
those of the flat-packs, however, so 
that they are easier to insert in the 
printed-circuit board; also, the lead 
spacing is greater, so that soldering 
is simplified. One other feature of the 
dual-in-line leads is their shoulder 
that holds the package up off the 
board. 

The quad-in-line packages can also 
be provided with staggered leads for 
even greater ease in mounting. 

RCA STANDARD SOLID-STATE 
DEVICES 

Table LI provides a detailed list¬ 
ing of RCA solid-state devices cur¬ 
rently available as standard or high- 
reliability products. Because detailed 
data for these devices are available 
in RCA data bulletins and in the 
RCA SSD-200 DATABOOK series, 
only brief descriptive data are in¬ 
cluded here. 

The File Numbers listed in the 
table indicate the data bulletins for 
specific device types. 




Fig. 714—Methods of Connecting Flat Packages: (a) straight-through method; 
(b) clinched-lead full-pad method 
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Fig. 715—Methods of Connecting Flat Packages: (a) clinched-lead offset-pad method; 
(b) clinched-lead half-pad method 



SUGGESTED 
MINIMUM PAD SIZES 
(INCHES) 

HOLE DIA. 
(INCHES) 
after plating 

REMARKS 

OTS —V 

.020 min. 

Foruse atpointsof clinch¬ 
ed lead attachment 

Qi 

.020 min. 

For non-ad|acent plaled 
through hole terminal areas 


.020 min. 

For adjacent terminal 
areas on .050 centers when 
clinched lead attachment 
is not used (shaved .050 
dia. pad) 



92CS-26388 

Fig. 716 — ‘In-Line Lead and Terminal Arrangements for RCA Flat Packages. 
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Table LI—RCA Standard Solid-State Devices 


Type No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Code* 

Voltage (V) 
(Note 1) 

Power (W). 
Current* (A) or 
Noise Figure (dB) 

DC Current 
Transfer Ratio 
or Frequency 

1N248C 

RECT 

6 

DO-5 

A# 

50 

20* (avg.) 

_ 

1N249C 

RECT 

6 

DO-5 

A# 

100 

20* (avg.) 

— 

1N250C 

RECT 

6 

DO-5 

A# 

200 

20* (avg.) 

— 

1N440B 

RECT 

5 

DO-1 

B 

100 

0.75* (avg.) 

— 

1N441B 

RECT 

5 

DO-1 

B 

200 

0.75* (avg.) 

— 

1N442B 

RECT 

5 

DO-1 

B 

300 

0.75* (avg.) 

— 

1N443B 

RECT 

5 

DO-1 

B 

400 

0.75* (avg.) 

— 

1N444B 

RECT 

5 

DO-1 

B 

500 

0.75* (avg.) 

— 

1N445B 

RECT 

5 

DO-1 

B 

600 

0.75* (avg.) 

— 

1N536 

RECT 

3 

DO-1 

B 

50 

0.75* (avg.) 

— 

1N537 

RECT 

3 

DO-1 

B 

100 

0.75* (avg.) 

— 

1N538 

RECT 

3 

DO-1 

B 

200 

0.75* (avg.) 

— 

1N539 

RECT 

3 

DO-1 

B 

300 

0.75* (avg.) 

— 

1N540 

RECT 

3 

DO-1 

B 

400 

0.75* (avg.) 

— 

1N547 

RECT 

3 

DO-1 

B 

600 

0.75* (avg.) 

— 

1N1095 

RECT 

3 

DO-1 

B 

500 

0.75* (avg.) 

— 

1N1183A 

RECT 

38 

DO-5 

A# 

50 

40* (avg.) 


1N1184A 

RECT 

38 

DO-5 

A# 

100 

40* (avg.) 

— 

1N1186A 

RECT 

38 

DO-5 

A# 

200 

40* (avg.) 

— 

1N1187A 

RECT 

38 

DO-5 

A# 

300 

40* (avg.) 

— 

1N1188A 

RECT 

38 

DO-5 

A# 

400 

40* (avg.) 

— 

1N1189A 

RECT 

38 

DO-5 

A# 

500 

40* (avg.) 

— 

1N1190A 

RECT 

38 

DO-5 

A# 

600 

40* (avg.) 

— 

1N1195A 

RECT 

6 

DO-5 

A# 

300 

20* (avg.) 

— 

1N1196A 

RECT 

6 

DO-5 

A# 

400 

20* (avg.) 

— 

1N1197A 

RECT 

6 

DO-5 

A# 

500 

20* (avg.) 

— 

1N1198A 

RECT 

6 

DO-5 

A# 

600 

20* (avg.) 

— 

1N1199A 

RECT 

20 

DO-4 

A# 

50 

12* (avg.) 

— 

1N1200A 

RECT 

20 

DO-4 

A# 

100 

12* (avg.) 

— 

1N1202A 

RECT 

20 

DO-4 

A# 

200 

12* (avg.) 

— 

1N1203A 

RECT 

20 

DO-4 

A# 

300 

12* (avg.) 

— 

1N1204A 

RECT 

20 

DO-4 

A# 

400 

12* (avg.) 

— 

1N1205A 

RECT 

20 

DO-4 

A# 

500 

12* (avg.) 

— 

1N1206A 

RECT 

20 

DO-4 

A# 

600 

12* (avg.) 

— 

1N1341B 

RECT 

58 

DO-4 

A# 

50 

6* (avg.) 

— 

1N1342B 

RECT 

58 

DO-4 

A# 

100 

6* (avg.) 

— 

1N1344B 

RECT 

58 

DO-4 

A# 

200 

6* (avg.) 

— 

1N1345B 

RECT 

58 

DO-4 

A# 

300 

6* (avg.) 

— 

1N1346B 

RECT 

58 

DO-4 

A# 

400 

6* (avg.) 

— 

1N1347B 

RECT 

58 

DO-4 

A# 

500 

6* (avg.) 

— 

1N1348B 

RECT 

58 

DO-4 

A# 

600 

6* (avg.) 

— 

1N1763A 

RECT 

89 

DO-1 

B 

400 

1* (avg.) 

— 

1N1764A 

RECT 

89 

DO-1 

B 

500 

1* (avg.) 

— 

1N2858A 

RECT 

91 

DO-1 

B 

50 

1* (avg.) 

— 

1N2859A 

RECT 

91 

DO-1 

B 

100 

1* (avg.) 

— 

1N2860A 

RECT 

31 

DO-1 

B 

200 

1* (avg.) 

— 

1N2861A 

RECT 

31 

DO-1 

B 

300 

1* (avg.) 

— 

1N2862A 

RECT 

91 

DO-1 

B 

400 

1* (avg.) 

— 

1N2863A 

RECT 

91 

DO-1 

B 

500 

1* (avg.) 

— 

1N2864A 

RECT 

91 

DO-1 

B 

600 

1* (avg.) 

— 


A Dimensional outlines are shown following data charts. # Reverse-polarity type available. 

■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

Packagei^ 

Lead 

Code* 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Current 
Transfer Ratio 
or Frequency 

1N3193 

RECT 

41 

DO-26 

B 

200 

0.75* (avg.) 

_ 

1N3194 

RECT 

41 

DO-26 

B 

400 

0.75* (avg.) 

— 

1N3195 

RECT 

41 

DO-26 

B 

600 

0.75* (avg.) 

— 

1N3196 

RECT 

41 

DO-26 

B 

800 

0.75* (avg.) 

— 

1N3253 

RECT 

41 

DO-26 

B 

200 

0.75* (avg.) 

— 

1N3254 

RECT 

41 

DO-26 

B 

400 

0.75* (avg.) 

— 

1N3255 

RECT 

41 

DO-26 

B 

600 

0.75* (avg.) 

— 

1N3256 

RECT 

41 

DO-26 

B 

800 

0.5* (avg.) 

— 

1N3563 

RECT 

41 

DO-26 

B 

1000 

0.4* (avg.) 

— 

1N3879 

RECT 

726 

DO-4 

A# 

50 

6* (av.g) 

— 

1N3880 

RECT 

726 

DO-4 

A# 

100 

6* (av.g) 


1N3881 

RECT 

726 

DO-4 

A# 

200 

6* (av.g) 

— 

1N3882 

RECT 

726 

DO-4 

A# 

300 

6* (av.g) 

— 

1N3883 

RECT 

726 

DO-4 

A# 

400 

6* (av.g) 

— 

1N3889 

RECT 

727 

DO-4 

A# 

50 

12* (avg.) 

— 

1N3890 

RECT 

727 

DO-4 

A# 

100 

12* (avg.) 

— 

1N3891 

RECT 

727 

DO-4 

A# 

200 

12* (avg.) 

— 

1N3892 

RECT 

727 

DO-4 

A# 

300 

12* (avg.) 

— 

1N3893 

RECT 

727 

DO-4 

A# 

400 

12* (avg.) 

— 

1N3899 

RECT 

728 

DO-5 

A# 

50 

20* (avg.) 

— 

1N3900 

RECT 

728 

DO-5 

A# 

100 

20* (avg.) 

— 

1N3901 

RECT 

728 

DO-5 

A# 

200 

20* (avg.) 

— 

1N3902 

RECT 

728 

DO-5 

A# 

300 

20* (avg.) 

— 

1N3903 

RECT 

728 

DO-5 

A# 

400 

20* (avg.) 

— 

1N3909 

RECT 

729 

DO-5 

A# 

50 

30* (avg.) 

— 

1N3910 

RECT 

729 

DO-5 

A# 

100 

30* (avg.) 

— 

1N3911 

RECT 

729 

DO-5 

A# 

200 

30* (avg.) 

— 

1N3912 

RECT 

729 

DO-5 

A# 

300 

30* (avg.) 

— 

1N3913 

RECT 

729 

DO-5 

A# 

400 

30* (avg.) 

— 

1N5211 

RECT 

245 

DO-26 

B 

200 

1* (avg.) 

— 

1N5212 

RECT 

245 

DO-26 

B 

400 

1* (avg.) 

— 

1N5213 

RECT 

245 

DO-26 

B 

600 

1* (avg.) 

— 

1N5214 

RECT 

245 

DO-26 

B 

800 

0.75* (avg.) 

— 

1N5215 

RECT 

245 

DO-26 

B 

200 

1* (avg.) 

— 

1N5216 

RECT 

245 

DO-26 

B 

400 

1* (avg.) 

— 

1N5217 

RECT 

245 

DO-26 

B 

600 

1* (avg.) 

— 

1N5218 

RECT 

245 

DO-26 

B 

800 

0.75* (avg.) 

— 

1N5391 

RECT 

478 

DO-15 

B 

50 

1.5* (avg.) 

— 

1N5392 

RECT 

478 

DO-15 

B 

100 

1.5* (avg.) 

— 

1N5393 

RECT 

478 

DO-15 

B 

200 

1.5* (avg.) 

— 

1N5394 

RECT 

478 

DO-15 

B 

300 

1.5* (avg.) 


1N5395 

RECT 

478 

DO-15 

B 

400 

1.5* (avg.) 

— 

1N5396 

RECT 

478 

DO-15 

B 

500 

1.5* (avg.) 

— 

1N5397 

RECT 

478 

DO-15 

B 

600 

1.5* (avg.) 

— 

1N5398 

RECT 

478 

DO-15 

B 

800 

1.5* (avg.) 

— 

1N5399 

RECT 

478 

DO-15 

B 

1000 

1.5* (avg.) 


2N681 

SCR 

96 

TO-48 

1 

25 

25* (rms) 

— 

2N682 

SCR 

96 

TO-48 

1 

50 

25* (rms) 

— 

2N683 

SCR 

96 

TO-48 

1 

100 

25* (rms) 

— 

2N684 

SCR 

96 

TO-48 

1 

150 

25* (rms) 

— 


A Dimensional outlines are shown following data charts, # Reverse-polarity type available. 

■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Code" 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Current 
Transfer Ratio 
or Frequency 

2N685 

SCR 

96 

TO-48 

1 

200 

25* (rms) 


2N686 

SCR 

96 

TO-48 

1 

250 

25* (rms) 

_ 

2N687 

SCR 

96 

TO-48 

1 

300 

25* (rms) 


2N688 

SCR 

96 

TO-48 

1 

400 

25* (rms) 

, 

2N689 

SCR 

96 

TO-48 

1 

500 

25* (rms) 

— 

2N690 

SCR 

96 

TO-48 

1 

600 

25* (rms) 


2N697 

PWR 

16 

TO-39, TO-5 

F 

60 

2 

40-120 

2N699 

PWR 

22 

TO-39, TO-5 

F 

120 

2 

40-120 

2N918 

RF 

83 

TO-72 

S 

6-15 (Vce) 

6(NF) 

60 MHz 

2N1479 

PWR 

135 

TO-39, TO-5 

F 

60 

5 

20-60 

2N1480 

PWR 

135 

TO-39, TO-5 

F 

100 

5 

20-60 

2N1481 

PWR 

135 

TO-39, TO-5 

F 

60 

5 

35-100 

2N1482 

PWR 

135 

TO-39, TO-5 

F 

100 

5 

35-100 

2N1483 

PWR 

137 

TO-8 

F 

60 

25 

20-60 

2N1484 

PWR 

137 

TO-8 

F 

100 

25 

20-60 

2N1485 

PWR 

137 

TO-8 

F 

60 

25 

35-100 

2N1486 

PWR 

137 

TO-8 

F 

100 

25 

35-100 

2N1487 

PWR 

139 

TO-3 

D 

60 

75 

15-45 

2N1488 

PWR 

139 

TO-3 

D 

100 

75 

15-45 

2N1489 

PWR 

139 

TO-3 

D 

60 

75 

25-75 

2N1490 

PWR 

139 

TO-3 

D 

100 

75 

25-75 

2N1491 

RF 

10 

TO-39 

F 

20 

0.01 

70 MHz 

2N1492 

RF 

10 

TO-39 

F 

30 

0.1 

70 MHz 

2N1493 

RF 

10 

TO-39 

F 

50 

0.5 

70 MHz 

2N1613 

PWR 

106 

TC-39, TO-5 

F 

75 

3 

20 min. 

2N1711 

PWR 

26 

TO-39, TO-5 

F 

75 

3 

35 min. 

2N1842A 

SCR 

28 

TO-48 

1 

25 

16* (rms) 


2N1483A 

SCR 

28 

TO-48 

I 

50 

16* (rms) 


2N1844A 

SCR 

28 

T048 

1 

100 

16* (rms) 


2N1845A 

SCR 

28 

TO-48 

1 

150 

16* (rms) 

— 

2N1846A 

SCR 

28 

TO-48 

1 

200 

16* (rms) 


2N1847A 

SCR 

28 

TO-48 

1 

250 

16* (rms) 


2N1848A 

SCR 

28 

T048 

1 

300 

16* (rms) 


2N1849A 

SCR 

28 

T048 

1 

400 

16* (rms) 

_ 

2N1850A 

SCR 

28 

T048 

1 

500 

16* (rms) 


2N1893 

PWR 

34 

TO-39, TO-5 

F 

120 

3 

40-120 

2N2015 

PWR 

12 

TO-36 

F 

100 

150 

15-50 

2N2016 

PWR 

12 

TO-36 

F 

130 

150 

15-50 

2N2102 

PWR 

106 

TO-39, TO-5 

F 

120 

5 

20 min. 

2N2270 

PWR 

24 

TO-39, TO-5 

F 

60 

5 

50-200 

2N2405 

PWR 

34 

TO-39, TO-5 

F 

120 

5 

60-200 

2N2631 

RF 

32 

TO-39 

F 

28 

7.5 

50 MHz 

2N2857 

RF 

61 

TO-72 

S 

6-15 (Vce) 

4.5(NF) 

450 MHz 

2N2876 

RF 

32 

TO-60 

E 

10 

28 

50 MHz 

2N2895 

PWR 

143 

TO-18 

F 

120 

1.8 

40-120 

2N2896 

PWR 

143 

TO-18 

F 

140 

1.8 

60-200 

2N2897 

PWR 

143 

TO-18 

F 

60 

1.8 

50-200 

2N3053 

PWR 

432 

TO-39, TO-5 

F 

60 

5 

50-250 

2N3054 

PWR 

527 

TO-66 

D 

90 

25 

25-150 

2N3055 

PWR 

524 

TO-3 

D 

100 

115 

20-70 


A Dimensional outlines are shov/n following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Code* 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Current 
Transfer Ratio 
or Frequency 

2N3118 

RF 

42 

TO-5 

F 

28 

1 

50 MHz 

2N3119 

RF 

44 

TO-5 

F 

28 

1 

50 MHz 

2N3228 

SCR 

114 

TO-66 

1 

200 

5* (rms) 

_ 

2N3229 

RF 

50 

TO-60 

E 

50 

15 

50 MHz 

2N3262 

RF 

56 

TO-39 

F 

High-speed 








switching 



2N3263 

PWR 

54 

Radial 

C 

150 

20 

25-75 

2N3264 

PWR 

54 

Radial 

C 

120 

30 

20-80 

2N3265 

PWR 

54 

TO-63 

F 

150 

24 

25-75 

2N3266 

PWR 

54 

TO-63 

F 

120 

28 

20-80 

2N3375 

RF 

386 

TO-60 

E 

28 

3 

400 MHz 

2N3439 

PWR 

64 

TO-39, TO-5 

F 

450 

10 

40-160 

2N3440 

PWR 

64 

TO-39, TO-5 

F 

300 

10 

40-160 

2N3441 

PWR 

529 

TO-66 

D 

160 

25 

25-100 

2N3442 

PWR 

528 

TO-3 

D 

160 

117 

20-70 

2N3478 

RF 

77 

TO-72 

S 

6-15 (Vce) 

4.5(NF) 

200 MHz 

2N3525 

SCR 

114 

TO-66 

1 

400 

5* (rms) 

— 

2N3528 

SCR 

114 

TO-8 

K 

200 

2* (rms) 


2N3529 

SCR 

114 

TO-8 

K 

400 

2* (rms) 


2N3553 

RF 

386 

TO-39 

F 

28 

2.5 

175 MHz 

2N3583 

PWR 

138 

TO-66 

D 

250 

35 

40 min. 

2N3584 

PWR 

138 

TO-66 

D 

375 

35 

25-100 

2N3585 

PWR 

138 

TO-66 

D 

500 

35 

25-100 

2N3600 

RF 

83 

TO-72 

S 

6-15 (Vce) 

4.5(NF) 

200 MHz 

2N3632 

RF 

386 

TO-60 

E 

28 

13.5 

175 MHz 

2N3650 

SCR 

408 

TO-48 

1 

100 

35* (rms) 

— 

2N3651 

SCR 

408 

TO-48 

1 

200 

35* (rms) 

_ 

2N3652 

SCR 

408 

TO-48 

1 

300 

35* (rms) 

_ 

2N3653 

^CR 

408 

TO-48 

1 

400 

35* (rms) 

_ 

2N3654 

SCR 

724 

TO-48 

1 

50 

35* (rms) 

_ 

2N3655 

SCR 

724 

TO-48 

1 

100 

35* (rms) 

— 

2N3656 

SCR 

724 

TO-48 

1 

200 

35* (rms) 

_ 

2N3657 

SCR 

724 

TO-48 

1 

300 

35* (rms) 

_ _ 

2N3658 

SCR 

724 

TO-48 

1 

400 

35* (rms) 

__ 

2N3668 

SCR 

116 

TO-3 

1 

100 

12.5 

_ 

2N3669 

SCR 

116 

TO-3 

1 

200 

12.5 

— 

2N3670 

SCR 

116 

TO-3 

1 

400 

12.5 

__ 

2N3733 

RF 

72 

TO-60 

E 

28 

10 

400 MHz 

2N3771 

PWR 

525 

TO-3 

D 

50 

150 

15-60 

2N3772 

PWR 

525 

TO-3 

D 

100 

150 

15-60 

2N3773 

PWR 

526 

TO-3 

D 

160 

150 

15-60 

2N3839 

RF 

229 

TO-72 

S 

6-15 (Vce) 

3.9(NF) 

450 MHz 

2N3866 

RF 

80 

TO-39 

F 

28 

1 

400 MHz 

2N3870 

SCR 

578 

Press-fit 

1 

100 

35* (rms) 


2N3871 

SCR 

578 

Press-fit 

1 

200 

35* (rms) 

■ 

2N3872 

SCR 

578 

Press-fit 

1 

400 

35* (rms) 

— 

2N3873 

SCR 

578 

Press-fit 

1 

600 

35* (rms) 

__ 

2N3878 

PWR 

766 

TO-66 

D 

120 

35 

50-200 

2N3879 

PWR 

766 

TO-66 

D 

120 

35 

20-80 

2N3896 

SCR 

578 

Stud 

1 

100 

35* (rms) 


2N3897 

SCR 

578 

Stud 

1 

200 

35* (rms) 

— 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


lype No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Code" 

Voltage (V) 
(Note 1) 

Power (W). 
Current* (A) or 
Noise Figure (dB) 

DC Cnrreit 
Transfer Raitie 
or Frequency 

2N3898 

SCR 

578 

Stud 

1 

400 

35* (rms) 

__ 

2N3899 

SCR 

578 

Stud 

1 

600 

35* (rms) 

—. 

2N4012 

RF 

90 

TO-60 

E 

28 

2.5 

IGHz 

2N4036 

PWR 

216 

TO-39, TO-5 

F 

-90 

7 

20-200 

2N4037 

PWR 

216 

TO-39, TO-5 

F 

-60 

7 

50-250 

2N4063 

PWR 

64 

Flange 

F 

450 

_ 

40-160 

2N4064 

PWR 

64 

Flange 

F 

300 

10 

40-160 

2N4101 

SCR 

114 

TO-66 

1 

600 

5* (rms) 

— 

2N4102 

SCR 

114 

TO-8 

K 

600 

2* (rms) 

—. 

2N4103 

SCR 

116 

TO-3 

1 

600 

12.5 

— 

2N4240 

PWR 

135 

TO-66 

D 

500 

2.5 

30-150 

2N4314 

PWR 

216 

TO-39, TO-5 

F 

-90 

7 

50-250 

2N4347 

PWR 

528 

TO-3 

D 

140 

100 

15-60 

2N4348 

PWR 

526 

TO-3 

D 

140 

120 

15-60 

2N4427 

RF 

228 

TO-39 

F 

12 

1 

175 MHz 

2N4440 

RF 

217 

TO-60 

E 

28 

5 

400 MHz 

2N4932 

RF 

249 

TO-60 

U 

13.5 

12 

88 MHz 

2N4933 

RF 

249 

TO-60 

U 

24 

20 

88 MHz 

2N5016 

RF 

255 

TO-60 

G 

28 

15 

400 MHz 

2N5034 

PWR 

244 

T0-219AA 

D 

55 

83 

20-80 

2N5035 

PWR 

244 

TO-219AB 

D 

55 

83 

20-80 

2N5036 

PWR 

244 

TO-219AA 

D 

70 

83 

20-80 

2N5037 

PWR 

244 

TO-219AB 

D 

70 

83 

20-80 

2N5038 

PWR 

698 

TO-3 

D 

150 

140 

50-200 

2N5039 

PWR 

698 

TO-3 

D 

120 

140 

30-150 

2N5070 

RF 

268 

TO-60 

E 

28 

25(PEP) 

30 MHz 

2N5071 

RF 

269 

TO-60 

U 

24 

24 

76 MHz 

2N5090 

RF 

270 

TO-60 

E 

28 

1.2 

400 MHz 

2N5102 

RF 

279 

TO-60 

G 

24 

15 

136 MHz 

2N5109 

RF 

281 

TO-39 

F 

15 

3(NF) 

200 MHz 

2N5179 

RF 

288 

TO-72 

S 

6(Vce) 

4.5(NF) 

200 MHz 

2N5180 

RF 

289 

TO-72 

S 

8(Vce) 

2.5(NF) 

200 MHz 

2N5189 

PWR 

296 

TO-39 (Mod.) 

F 

60 

5 

30 min. 

2N5202 

PWR 

766 

TO-66 

D 

120 

35 

10-100 

2N5239 

PWR 

321 

TO-3 

D 

300 

100 

20-80 

2N5240 

PWR 

321 

TO-3 

D 

375 

100 

20-80 

2N5262 

PWR 

313 

TO-39 (Mod.) 

F 

75 

5 

35 min. 

2N5293 

PWR 

322 

T0-220AA 

M 

80 

36 

30-120 

2N5294 

PWR 

322 

T0-220AB 

N 

80 

36 

30-120 

2N5295 

PWR 

322 

TO-220AA 

M 

60 

36 

30-120 

2N5296 

PWR 

322 

TO-220AB 

N 

60 

36 

30-120 

2N5297 

PWR 

322 

TO-220AA 

M 

80 

36 

20-80 

2N5298 

PWR 

322 

TO-220AB 

N 

80 

36 

20-80 

2N5320 

PWR 

325 

TO-39, TO-5 

F 

100 

10 

30-130 

2N5321 

PWR 

325 

TO-39, TO-5 

F 

75 

10 

40-250 

2N5322 

PWR 

325 

TO-39, TO-5 

F 

-100 

10 

30-130 

2N5223 

PWR 

325 

TO-39, TO-5 

F 

-75 

10 

40-250 

2N5415 

PWR 

336 

TO-39, TO-5 

F 

-200 

10 

30-150 

2N5416 

PWR 

336 

TO-39, TO-5 

F 

-350 

10 

30-120 

2N5441 

TRl 

593 

Press-fit 

J 

200 

40* (rms) 

■ 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

Package^ 

Lead 

Code" 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Current 
Transfer Ratio 
or Frequency 

2N5442 

TRI 

593 

Press-fit 

J 

400 

40* (rms) 

__ 

2N5443 

TRI 

593 

Press-fit 

J 

600 

40* (rms) 

—. 

2N5444 

TRI 

593 

Stud 

J 

200 

40* (rms) 

— 

2N5445 

TRI 

593 

Stud 

J 

400 

40* (rms) 

— 

2N5446 

TRI 

593 

Stud 

J 

600 

40* (rms) 

— 

2N5470 

RF 

350 

TO-215AA 

E 

28 

1 

2 GHz 

2N5490 

PWR 

353 

TO-220AB 

M 

60 

50 

20-100 

2N5491 

PWR 

353 

TO-220AA 

N 

60 

50 

20-100 

2N5492 

PWR 

353 

TO-220AB 

M 

75 

50 

20-100 

2N5493 

PWR 

353 

TO-220AA 

N 

75 

50 

20-100 

2N5494 

PWR 

353 

TO-220AB 

M 

60 

50 

20-100 

2N5495 

PWR 

353 

TO-220AA 

N 

60 

50 

20-100 

2N5496 

PWR 

353 

TO-220AB 

M 

90 

50 

20-100 

2N5497 

PWR 

353 

TO-220AA 

N 

90 

50 

20-100 

2N5567 

TRI 

457 

Press-fit 

J 

200 

10* (rms) 

— 

2N5568 

TRI 

457 

Press-fit 

J 

400 

10* (rms) 

_ 

2N5569 

TRI 

457 

Stud 

J 

200 

10* (rms) 

— 

2N5570 

TRI 

457 

Stud 

J 

400 

10* (rms) 

— 

2N5571 

TRI 

458 

Press-fit 

J 

200 

15* (rms) 


2N5572 

TRI 

458 

Press-fit 

J 

400 

15* (rms) 

— 

2N5573 

TRI 

458 

Stud 

J 

200 

15* (rms) 

_ _ 

2N5574 

TRI 

458 

Stud 

J 

400 

15* (rms) 

— 

2N5575 

PWR 

359 

TO-3 (Mod.) 

D 

70 

300 

10-40 

2N5578 

PWR 

359 

TO-3 (Mod.) 

D 

90 

300 

10-40 

2N5671 

PWR 

383 

TO-3 

D 

120 

140 

20-100 

2N5672 

PWR 

383 

TO-3 

D 

150 

140 

20-100 

2N5754 

TRI 

414 

TO-5 (Mod.) 

L 

100 

2.5* (rms) 

— 

2N5755 

TRI 

414 

TO-5 (Mod.) 

L 

200 

2.5* (rms) 

— 

2N5756 

TRI 

414 

TO-5 (Mod.) 

L 

400 

2.5* (rms) 

— 

2N5757 

TRI 

414 

TO-5 (Mod.) 

L 

600 

2.5* (rms) 

— 

2N5781 

PWR 

413 

TO-39, TO-5 

F 

-80 

10 

20-100 

2N5782 

PWR 

413 

TO-39, TO-5 

F 

-65 

10 

20-100 

2N5783 

PWR 

413 

TO-39, TO-5 

F 

-45 

10 

20-100 

2N5784 

PWR 

413 

TO-39, TO-5 

F 

80 

10 

20-100 

2N5785 

PWR 

413 

TO-39, TO-5 

F 

65 

10 

20-100 

2N5786 

PWR 

413 

TO-39, TO-5 

F 

45 

10 

20-100 

2N5804 

PWR 

407 

TO-3 

D 

300 

no 

10-100 

2N5805 

PWR 

407 

TO-3 

D 

375 

no 

10-100 

2N5838 

PWR 

410 

TO-3 

D 

275 

100 

8-40 

2N5839 

PWR 

410 

TO-3 

D 

300 

100 

10-50 

2N5840 

PWR 

410 

TO-3 

D 

375 

100 

10-50 

2N5913 

RF 

423 

TO-39 

D 

12 

1 

470 MHz 

2N5914 

RF 

424 

TO-216AA 

W 

12 

2 

470 MHz 

2N5915 

RF 

424 

TO-216AA 

W 

12 

6 

470 MHz 

2N5-916 

RF 

425 

TO-216AA 

W 

28 

2 

400 MHz 

2N5917 

RF 

425 

RCA HF-31 

W 

28 

2 

400 MHz 

2N5918 

RF 

448 

TO-216AA 

W 

28 

10 

400 MHz 

2N5919A 

RF 

505 

TO-216AA 

W 

28 

16 

400 MHz 

2N5920 

RF 

440 

TO-215AA 

E 

28 

2 

2 GHz 

2N5921 

RF 

427 

TO-201AA 

E 

28 

5 

2 GHz 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

Package^ 

Lead 

CodeB 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Current 
Transfer Ratio 
or Frequency 

2N5954 

PWR 

675 

TO-66 

D 

-85 

40 

20-100 

2N5955 

PWR 

675 

TO-66 

D 

-70 

40 

20-100 

2N5956 

PWR 

675 

TO-66 

D 

-50 

40 

20-100 

2N5995 

RF 

454 

T0-216AA 

W 

12.5 

7 

175 MHz 

2N6032 

PWR 

462 

TO-3 (Mod.) 

D 

120 

140 

10-50 

2N6033 

PWR 

462 

TO-3 (Mod.) 

D 

150 

140 

10-50 

2N6055 

PWR 

563 

TO-3 

D 

60 

100 

750-18000 

2N6056 

PWR 

563 

TO-3 

D 

80 

100 

750-18000 

2N6077 

PWR 

492 

TO-66 

D 

300 

45 

12-70 

2N6078 

PWR 

492 

TO-66 

D 

275 

45 

12-70 

2N6079 

PWR 

492 

TO-66 

D 

375 

45 

12-50 

2N6093 

RF 

484 

T0-217AA 

Y 

28 

75 (PEP) 

30 MHz 

2N6098 

PWR 

485 

TO-220AA 

M 

70 

75 

20-80 

2N6099 

PWR 

485 

TO-220AB 

N 

70 

75 

20-80 

2N6100 

PWR 

485 

T0-220AA 

M 

80 

75 

20-80 

2N6101 

PWR 

485 

TO-220AB 

N 

80 

75 

20-80 

2N6102 

PWR 

485 

TO-220AA 

M 

45 

75 

15-60 

2N6103 

PWR 

485 

TO-220AB 

N 

45 

75 

15-60 

2N6104 

RF 

504 

RCAHF-32 

W 

28 

30 

400 MHz 

2N6105 

RF 

504 

TO-216AA 

W 

28 

30 

400 MHz 

2N6106 

PWR 

676 

TO-220AA 

M 

-80 

40 

30-150 

2N6107 

PWR 

676 

TO-220AB 

N 

-80 

40 

30-150 

2N6108 

PWR 

676 

TO-220AA 

M 

-60 

40 

30-150 

2N6109 

PWR 

676 

TO-220AB 

N 

-60 

40 

30-150 

2N6110 

PWR 

676 

TO-220AA 

M 

-40 

40 

30-150 

2N6111 

PWR 

676 

T0-220AB 

N 

-40 

40 

30-150 

2N6175 

PWR 

508 

Plastic TO-5 

E 

300 

20 

30-190 

2N6176 

PWR 

508 

Plastic TO-5 

E 

350 

20 

30-150 

2N6177 

PWR 

508 

Plastic TO-5 

E 

450 

20 

30-150 

2N6178 

PWR 

562 

Plastic TO-5 

F 

100 

25 

30-130 

2N6179 

PWR 

562 

Plastic TO-5 

F 

75 

25 

40-250 

2N6180 

PWR 

562 

Plastic TO-5 

F 

-100 

25 

30-130 

2N6181 

PWR 

562 

Plastic TO-5 

F 

-75 

25 

40-250 

2N6211 

PWR 

507 

TO-66 

D 

-275 

35 

10-100 

2N6212 

PWR 

507 

TO-66 

D 

-350 

35 

10-100 

2N6213 

PWR 

507 

TO-66 

D 

-400 

35 

10-100 

21^6214 

PWR 

507 

TO-66 

D 

-450 

35 

10-100 

2N6246 

PWR 

677 

TO-3 

0 

-70 

125 

20-100 

2N6247 

PWR 

677 

TO-3 

D 

-90 

125 

20-100 

2N6248 

PWR 

677 

TO-3 

D 

-no 

125 

20-100 

2N6249 

PWR 

523 

TO-3 

D 

300 

175 

10-50 

2N6250 

PWR 

523 

TO-3 

D 

375 

175 

8-50 

2N6251 

PWR 

523 

TO-3 

D 

450 

175 

6-50 

2N6253 

PWR 

524 

TO-3 

D 

55 

115 

20-70 

2N6254 

PWR 

524 

TO-3 

D 

100 

150 

20-70 

2N6257 

PWR 

525 

TO-3 

D 

50 

150 

15-75 

2N6258 

PWR 

525 

TO-3 

D 

100 

250 

20-60 

2N6259 

PWR 

526 

TO-3 

D 

170 

250 

15-60 

2N6260 

PWR 

527 

TO-66 

D 

50 

29 

20-100 

2N6261 

PWR 

527 

TO-66 

D 

90 

50 

25-100 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Code" 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Cnrreit 
Transfer Ratis 
or Frequency 

2N6262 

PWR 

528 

TO-3 

D 

170 

150 

20-70 

2N6263 

PWR 

529 

TO-66 

D 

140 

20 

20-100 

2N6264 

PWR 

529 

TO-66 

D 

170 

50 

20-60 

2N6265 

RF 

543 

RCA HF-28 

T 

28 

2 

2 GHz 

2N6266 

RF 

544 

RCA HF-28 

T 

28 

5 

2 GHz 

2N6267 

RF 

545 

RCA HF-28 

T 

28 

10 

2 GHz 

2N6268 

RF 

546 

RCA HF-28 

T 

22 

2 

2.3 GHz 

2N6269 

RF 

546 

RCA HF-28 

T 

22 

6.5 

2.3 GHz 

2N6288 

PWR 

676 

T0-220A.B 

N 

40 

40 

30-150 

2N6289 

PWR 

676 

TO-220AA 

M 

40 

40 

30-150 

2N6290 

PWR 

676 

TO-220AB 

N 

60 

40 

30-150 

2N6291 

PWR 

676 

TO-220AA 

M 

60 

40 

30-150 

2N6292 

PWR 

676 

T0-220AB 

N 

80 

40 

30-150 

2N6293 

PWR 

676 

TO-220AA 

M 

80 

40 

30-150 

2N6354 

PWR 

582 

TO-3 

D 

150 

140 

20-150 

2N6371 

PWR 

607 

TO-3 

D 

50 

117 

15-60 

2N6372 

PWR 

675 

TO-66 

D 

50 

40 

20-100 

2N6373 

PWR 

675 

TO-66 

D 

70 

40 

20-100 

2N6374 

PWR 

675 

TO-66 

D 

90 

40 

20-100 

2N6383 

PWR 

609 

TO-3 

D 

40 

100 

1000-20000 

2N6384 

PWR 

609 

TO-3 

D 

60 

100 

1000-20000 

2N6385 

PWR 

609 

TO-3 

D 

80 

100 

1000-20000 

2N6386 

PWR 

610 

TO-220AB 

N 

40 

40 

1000-20000 

2N6387 

PWR 

610 

T0.220AB 

N 

60 

40 

1000-20000 

2N6388 

PWR 

610 

T0-220AB 

N 

80 

40 

1000-20000 

2N6389 

RF 

617 

TO-72 

F 

12(Vce) 

%(NF) 

450/890 MHz 

2N6467 

PWR 

675 

TO-66 

D 

-110 

40 

15-150 

2N6468 

PWR 

675 

TO-66 

D 

-130 

40 

15-150 

2N6469 

PWR 

677 

TO-3 

D 

-50 

125 

20-150 

2N6470 

PWR 

677 

TO-3 

D 

50 

125 

20-150 

2N6471 

PWR 

677 

TO-3 

D 

70 

125 

20-150 

2N6472 

PWR 

677 

TO-3 

D 

90 

125 

20-150 

2N6473 

PWR 

676 

TO-220AB 

N 

no 

40 

15-150 

2N6474 

PWR 

676 

TO-220AB 

N 

130 

40 

15-150 

2N6475 

PWR 

676 

TO-220AB 

N 

-110 

40 

15-150 

2N6476 

PWR 

676 

TO-220AB 

N 

-130 

40 

15-150 

2N6477 

PWR 

680 

TO-220AB 

N 

140 

20 

25-100 

2N6478 

PWR 

680 

TO-220AB 

N 

160 

25 

25-100 

2N6479 

PWR 

702 

Radial 

C 

100 

87 

20-300 

2N6480 

PWR 

702 

Radial 

C 

100 

87 

20-300 

2N6481 

PWR 

702 

Radial 

C 

100 

117 

20-300 

2N6482 

PWR 

702 

Radial 

C 

100 

117 

20-300 

2N6486 

PWR 

678 

TO-220AB 

N 

50 

75 

20-150 

2N6487 

PWR 

678 

TO-220AB 

N 

70 

75 

20-150 

2N6488 

PWR 

678 

TO-220AB 

N 

90 

75 

20-150 

2N6489 

PWR 

678 

TO-220AB 

N 

-50 

75 

20-150 

2N6490 

PWR 

678 

T0-220AB 

N 

-70 

75 

20-150 

2N6491 

PWR 

678 

TO-220AB 

N 

-90 

75 

20-150 

2N6496 

PWR 

698 

TO-3 

D 

150 

140 

12-100 

2N6500 

PWR 

766 

TO-66 

D 

120 

35 

15-60 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Code* 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Current 
Transfer Ratio 
or Frequency 

2N6510 

PWR 

848 

TO-3 

D 

250# 

125 

10 min. 

2N6511 

PWR 

848 

TO-3 

D 

300# 

125 

10 min. 

2N6512 

PWR 

848 

TO-3 

D 

350# 

125 

10 min. 

2N6513 

PWR 

848 

TO-3 

D 

400# 

125 

10 min. 

2N6514 

PWR 

848 

TO-3 

D 

350# 

125 

10 min. 

2N6530 

PWR 

873 

TO-220AB 

N 

80 

65 

1000-10,000 

2N6531 

PWR 

873 

TO-220AB 

N 

100 

65 

500-10,000 

2N6532 

PWR 

873 

T0-220AB 

N 

100 

65 

1000-10,000 

2N6533 

PWR 

873 

TO-220AB 

N 

120 

65 

1000-10,000 

2N6534 

PWR 

874 

TO-66 

D 

80 

36 

1000-10,000 

2N6535 

PWR 

874 

TO-66 

D 

100 

36 

500-10,000 

2N6536 

PWR 

874 

TO-66 

D 

100 

36 

1000-10,000 

2N6537 

PWR 

874 

TO-66 

D 

120 

36 

1000-10,000 

3N128 

MOS/FET 

309 

TO-72 

R 

20 

single-gate amplifier 

3N138 

MOS/FET 

283 

TO-72 

R 

35 

single-gate chopper, multiplexer 

3N139 

MOS/FET 

284 

TO-72 

R 

35 

single-gate af/rf amplifier 

3N140 

MOS/FET 

285 

TO-72 

P 

20 

dual-gate rf amplifier 

3N141 

MOS/FET 

285 

TO-72 

P 

20 

dual-gate mixer 


3N142 

MOS/FET 

286 

TO-72 

R 

20 

single-gate rf amplifier 

3N143 

MOS/FET 

309 

TO-72 

R 

20 

single-gate vhf mixer/oscillator 

3N152 

MOS/FET 

314 

TO-72 

R 

20 

single-gate vhf amplifier 

3N153 

MOS/FET 

320 

TO-72 

R 

20 

single-gate chopper/multiplexer 

3N154 

MOS/FET 

335 

TO-72 

R 

20 

single-gate vhf amplifier 

3N159 

MOS/FET 

326 

TO-72 

P 

20 

dual-gate rf amplifier 

3N187 

MOS/FET 

436 

TO-72 

P 

20 

dual-gate rf amplifier 

3N200 

MOS/FET 

437 

TO-72 

P 

20 

dual-gate rf amplifier 

40080 

RF 

301 

TO-5 

F 

12 

0.1 

27 MHz 

40081 

RF 

301 

TO-5 

F 

12 

0.4 

27 MHz 

40082 

RF 

301 

TO-39 

F 

12 

3 

27 MHz 

40250 

PWR 

112 

TO-66 

D 

50 

29 

25-100 

40250V1 

PWR 

112 

Radiator 

D 

50 

5.8 

25-100 

40251 

PWR 

112 

TO-3 

D 

50 

117 

25-100 

40279 

RF 

46 

TO-60 

E 

premium high-reliability version of 

2N3375 

40280 

RF 

68 

TO-39 

F 

13.5 

1 

175 MHz 

40281 

RF 

68 

TO-60 

G 

13.5 

4 

175 MHz 

40282 

RF 

68 

TO-60 

G 

13.5 

12 

175 MHz 

40290 

RF 

70 

TO-39 

F 

12.5 

2 

135 MHz 

40291 

RF 

70 

TO-60 

E 

12.5 

2 

135 MHz 

40292 

RF 

70 

TO-60 

E 

12.5 

6 

135 MHz 

40294 

RF 

202 

TO-72 

S 

premium high-reliability version of 

2N2857 

40296 

RF 

603 

TO-72 

F 

premium high-reliability version of 

2N3839 

40305 

RF 

144 

TO-39 

F 

premium high-reliability version of 

2N3553 

40306 

RF 

144 

TO-60 

E 

premium high-reliability version of 

2N3375 

40307 

RF 

144 

TO-60 

E 

premium high-reliability version of 

2N2632 

40309 

PWR 

78 

TO-39, TO-5 

F 

18(Vcbo) 

5 

70-350 

40310 

PWR 

78 

TO-66 

D 

35{Vcbo) 

29 

20-120 

40311 

PWR 

78 

TO-39, TO-5 

F 

30(Vceo) 

5 

70-350 

40312 

PWR 

78 

TO-66 

D 

60(Vcer) 

29 

20-120 

40313 

PWR 

78 

TO-66 

D 

300(Vcee) 

35 

40-250 

40314 

PWR 

78 

TO-39, TO-5 

F 

40(Vcbo) 

5 

70-350 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

Package^ 

Lead 

Code" 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Curreit 
Transfer Ratio 
or Frequency 

40315 

PWR 

78 

TO-39, TO-5 

F 

35(Vceo) 

5 

70-350 

40316 

PWR 

78 

TO-66 

D 

40(Vceh) 

29 

20-120 

40317 

PWR 

78 

TO-39, TO-5 

F 

40(Vceo) 

5 

40-200 

40318 

PWR 

78 

TO-66 

D 

300(Vcer) 

35 

50 min. 

40319 

PWR 

78 

TO-39, TO-5 

F 

-40(Vceo) 

5 

35-200 

40320 

PWR 

78 

TO-39, TO-5 

F 

40(Vceo) 

5 

40-200 

40321 

PWR 

78 

TO-39, TO-5 

F 

300(Vcer) 

5 

25-200 

40322 

PWR 

78 

TO-66 

D 

300{Vcer) 

35 

75 min. 

40323 

PWR 

78 

TO-39, TO-5 

F 

lO(VcEo) 

5 

70-350 

40324 

PWR 

78 

TO-66 

D 

35(Vceo) 

29 

20-120 

40325 

PWR 

78 

TO-3 

D 

35(Vceo) 

117 

12-60 

40326 

PWR 

78 

TO-39, TO-5 

F 

40{Vceo) 

5 

40-200 

40327 

PWR 

78 

TO-39, TO-5 

F 

300(Vcer) 

5 

40-250 

40328 

PWR 

78 

TO-66 

D 

300(Vcer) 

35 

40 min. 

40340 

RF 

74 

TO-60 

U 

13.5 

25 

50 MHz 

40341 

RF 

74 

TO-60 

U 

24 

30 

50 MHz 

40346 

PWR 

211 

TO-39, TO-5 

F 

175{Vcer) 

10 

25 min. 

40346V1 

PWR 

211 

Radiator 

F 

175{Vcer) 

10 

25 min. 

40346V2 

PWR 

211 

Flange 

F 

175(Vcer) 

4 

25 min. 

40347 

PWR 

88 

TO-39, TO-5 

F 

60 

8.75 

25-100 

40347V1 

PWR 

88 

Radiator 

F 

60 

4.4 

25-100 

40347V2 

PWR 

88 

Flange 

F 

60 

11.7 

25-100 

40348 

PWR 

88 

TO-39, TO-5 

F 

90 

8.75 

30-125 

40348V1 

PWR 

88 

Radiator 

F 

90 

4.4 

30-125 

40348V2 

PWR 

88 

Flange 

F 

90 

11.7 

30-125 

40349 

PWR 

88 

TO-39, TO-5 

F 

160 

8.75 

30-125 

40349V1 

PWR 

88 

Radiator 

F 

160 

4.4 

30-125 

40349V2 

PWR 

88 

Flange 

F 

160 

11.7 

30-125 

40360 

PWR 

78 

TO-39, TO-5 

F 

70{Vceo) 

5 

40-200 

40361 

PWR 

78 

TiO-39, TO-5 

F 

70(Vcer) 

5 

70-350 

40362 

PWR 

78 

TiO-39, TO-5 

F 

70{Vcer) 

5 

35-200 

40363 

PWR 

78 

TO-3 

D 

70(Vcer) 

115 

20-70 

40364 

PWR 

78 

TO-66 

0 

60(Vcer) 

35 

35-175 

40366 

PWR 

215 

TO-39, TO-5 

F 

120 

5 

40-120 

40367 

PWR 

215 

TO-39, TO-5 

F 

100 

5 

35-100 

40368 

PWR 

215 

TO-8 

F 

100 

25 

35-100 

40369 

PWR 

215 

TO-3 

D 

100 

75 

25-75 

40372 

PWR 

527 

Radiator 

D 

90 

25 

25-150 

40373 

PWR 

529 

Radiator 

D 

160 

25 

25-100 

40374 

PWR 

128 

Radiator 

D 

250 

5.8 

40 min. 

40375 

PWR 

766 

Radiator 

D 

120 

5.8 

50-200 

40385 

PWR 

215 

TO-39, TO-5 

F 

450 

5 

40-160 

40389 

PWR 

432 

Radiator 

F 

60 

3.5 

50-250 

40390 

PWR 

64 

Radiator 

F 

300 

3.5 

40-160 

40391 

PWR 

216 

Radiator 

F 

-60 

3.5 

50-250 

40392 

PWR 

432 

Flange 

F 

60 

1 

50-250 

40394 

PWR 

216 

Flange 

F 

-60 

1 

50-250 

40406 

PWR 

219 

T;0-39, TO-5 

F 

-50(Vceo) 

1 

30-200 

40407 

PWR 

219 

TO-39, TO-5 

F 

50(Vceo) 

1 

40-200 

40408 

PWR 

219 

TO-39, TO-5 

F 

90(Vceo) 

1 

40-200 


A Dimensional outlines are shown following data charts 
■ Lead codes are explained in Table Lil. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

Package^ 

Lead 

Code" 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Current 
Transfer Ratio 
or Frequency 

40409 

PWR 

219 

Radiator 

F 

90(Vcer) 

3 

50-250 

40410 

PWR 

219 

Radiator 

F 

—90(Vcbb) 

3 

50-250 

40411 

PWR 

219 

TQ-3 

D 

90(Vceb) 

150 

35-100 

40412 

PWR 

211 

TO-39, TO-5 

F 

250(Vceb) 

10 

40 min. 

40412V1 

PWR 

211 

Radiator 

F 

250(Vceb) 

4 

40 min. 

40412V2 

PWR 

211 

Flange 

F 

250(Vceb) 

10 

40 min. 

40414 

RF 

259 

TO-72 

S 

premium high-reliability version of 2N2857 

40446 

RF 

301 

Flange 

F 

12 

3 

27 MHz 

40467A 

MOS/FET 

324 

TO-72 

R 

20 

single-gate vhf amplifier 

40468A 

MOS/FET 

323 

TO-72 

R 

20 

single-gate rf amplifier 

40513 

PWR 

244 

T0-219AB 

D 

45{Vceb) 

83 

25-100 

40514 

PWR 

244 

T0-219AA 

D 

45(Vceb) 

83 

25-100 

40537 

PWR 

320 

TO-39, TO-5 

F 

-55(Vceb) 

5 

50-300 

40538 

PWR 

320 

TO-39, TO-5 

F 

-55(Vceb) 

5 

15-90 

40539 

PWR 

303 

TO-39, TO-5 

F 

55(Vceb) 

5 

15-90 

40542 

PWR 

304 

Plastic TO-3 

D 

50(Vcer) 

83 

20-70 

40543 

PWR 

304 

Plastic TO-3 

D 

60(Vceb) 

83 

20-70 

40544 

PWR 

303 

Flange 

F 

50{Vceb) 

7 

35-200 

40559A 

MOS/FET 

323 

TO-72 

R 

20 

single-gate mixer 

40577 

RF 

297 

TO-5 

F 

premium high-reliability version of 2N3118 

40578 

RF 

298 

TO-39 

F 

premium high-reliability version of 2N3866 

40581 

RF 

301 

TO-39 

F 

12 

3.5 

27 MHz 

40582 

RF 

301 

Flange 

F 

12 

3.5 

27 MHz 

40594 

PWR 

358 

TO-39, TO-5 

F 

95(Vceb) 

5 

70-350 

40595 

PWR 

358 

TO-39, TO-5 

F 

—95(Vceb) 

10 

70-350 

40600 

MOS/FET 

333 

TO-72 

P 

20 

dual-gate rf amplifier 

40601 

MOS/FET 

333 

TO-72 

P 

20 

dual-gate if amplifier 

40602 

MOS/FET 

333 

TO-72 

P 

20 

dual-gate mixer 

40603 

MOS/FET 

334 

TO-72 

P 

20 

dual-gate rf amolifier 

40604 

MOS/FET 

334 

TO-72 

P 

20 

dual-gate mixer 


40605 

RF 

389 

TO-39 

F 

premium high-reliability version of 2N3553 

40606 

RF 

600 

TO-60 

U 

premium high-reliability version of 2N3632 

40608 

RF 

356 

T,0-39 

F 

15 

3(NF) 

200 MHz 

40611 

PWR 

358 

TO-39, TO-5 

F 

25(Vceo) 

5 

70-500 

40613 

PWR 

358 

T(V220AA 

M 

25(Vceo) 

36 

30-120 

40616 

PWR 

358 

TO-39, TO-5 

F 

32(Vceo) 

5 

70-500 

40618 

PWR 

358 

TO-220AA 

M 

30(Vceo) 

36 

30-120 

40621 

PWR 

358 

TO-220AA 

M 

32(Vceo) 

36 

25-100 

40622 

PWR 

358 

TO-220AA 

M 

40(Vceo) 

36 

25-100 

40624 

PWR 

358 

TO-220AA 

M 

45(Vceo) 

50 

20-100 

40625 

PWR 

358 

Radiator 

F 

45(Vceo) 

3.5 

100-300 

40627 

PWR 

358 

TO-220AA 

M 

55{Vceo) 

50 

20-100 

40628 

PWR 

358 

Radiator 

F 

55(Vceo) 

3.5 

100-300 

40629 

PWR 

358 

T0-220AA 

M 

35(Vcbb) 

36 

20-70 

40630 

PWR 

358 

TO-220AA 

M 

40{Vcbb) 

36 

20-70 

40631 

PWR 

358 

T0-220AA 

M 

45(Vceb) 

36 

20-70 

40632 

PWR 

358 

TO-220AA 

M 

60(Vceb) 

50 

20-70 

40634 

PWR 

358 

TO-39, TO-5 

F 

-75(Vceb) 

5 

50-250 

40635 

PWR 

358 

TO-39, TO-5 

F 

75(Vceb) 

5 

50-250 

40636 

PWR 

358 

TO-3 

D 

95(Vceb) 

115 

20-70 


A Dimensional outlines are shown following data charts 
■ Lead codes are explained in Table LI I, 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


lype No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Code" 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Current 
Transfer Ratio 
or Frequency 

40665 

RF 

386 

TO-60 

U 

28 

13.5 

175 MHz 

40666 

RF 

386 

im 

u 

28 

3 

400 MHz 

40673 

MOS/FET 

381 

TO-72 

p 

20 

dual-gate rf amplifier 

40819 

MOS/FET 

463 

TO-72 

p 

25 

dual-gate rf amplifier 

40820 

MOS/FET 

464 

TO-72 

p 

20 

dual-gate rf amplifier 

40821 

MOS/FET 

464 

TO-72 

p 

20 

dual-gate mixer 


40822 

MOS/FET 

465 

TO-72 

p 

18 

dual-gate rf amplifier 

40823 

MOS/FET 

465 

TO-72 

p 

18 

dual-gate mixer 


40829 

PWR 

675 

Radiator 

D 

-90 

40 

20-100 

40830 

PWR 

675 

Radiator 

D 

-70 

40 

20-100 

40831 

PWR 

675 

Radiator 

D 

-50 

40 

20-100 

40836 

RF 

497 

T0-215AA 

D 

21 

0.5 

2 GHz 

40837 

RF 

497 

T0-215AA 

D 

28 

1.5 

2 GHz 

40841 

MOS/FET 

489 

TO-72 

P 

18 

dual-gate general-purpose type 

40850 

PWR 

498 

TO-66 

D 

450 

35 

25 min. 

40851 

PWR 

498 

TO-66 

D 

450 

45 

12 min. 

40852 

PWR 

498 

TO-3 

D 

450 

100 

12 min. 

40853 

PWR 

498 

TO-3 

D 

450 

100 

10 min. 

40854 

PWR 

498 

TO-3 

0 

450 

110 

10 min. 

40871 

PWR 

699 

TO-220AB 

N 

lOO(VcEo) 

40 

50-250 

40872 

PWR 

699 

TO-220AB 

N 

—lOO(VcEo) 

40 

50-250 

40873 

PWR 

699 

TO-220AB 

N 

70(Vceo) 

40 

30-150 

40874 

PWR 

699 

TO-220AB 

N 

—70(Vcbo) 

40 

30-150 

40875 

PWR 

699 

T0-220AB 

N 

50(Vceo) 

40 

20-120 

40876 

PWR 

699 

TO-220AB 

N 

-50(Vceo) 

40 

20-120 

40885 

PWR 

508 

Heat Clip 

E 

300 

20 

30-190 

40886 

PWR 

508 

Heat Clip 

E 

350 

20 

30-190 

40887 

PWR 

508 

Heat Clip 

E 

450 

20 

30-190 

40893 

RF 

514 

RCA HF-36 

W 

12.5 

15 

470 MHz 

40894 

RF 

548 

TO-72 

S 

12 

15(Gpe) 

200 MHz 

40895 

RF 

548 

TO-72 

s 

12 

15(Gpe) 

200 MHz 

40896 

RF 

548 

TO-72 

s 

12 

15(Gpe) 

200 MHz 

40897 

RF 

548 

TO-72 

s 

12 

18(Gp.) 

200 MHz 

40898 

RF 

538 

TO-215AA 

E 

22 

2 

2.3 GHz 

40899 

RF 

538 

TO-201AA 

E 

22 

6 

2.3 GHz 

40909 

RF 

547 

TO-201AA 

D 

25 

2 

2 GHz 

40910 

PWR 

527 

Radiator 

D 

50 

29 

20-100 

40911 

PWR 

527 

Radiator 

D 

90 

50 

25-100 

40912 

PWR 

529 

Radiator 

D 

140 

20 

20-100 

40913 

PWR 

529 

Radiator 

D 

170 

50 

20-^0 

40915 

RF 

574 

TO-72 

S 

10 

2.5(NF) 

450 MHz 

40934 

RF 

550 

RCA HF-31 

W 

12.5 

2 

470 MHz 

40936 

RF 

551 

TO-60 

U 

21 

0.5 

2 GHz 

40940 

RF 

553 

TO-216AA 

W 

28 

5 

400 MHz 

40941 

RF 

554 

RCA HF-31 

W 

28 

1 

400 MHz 

40953 

RF 

579 

TO-39 

F 

12.5 

1.75 

156 MHz 

40964 

RF 

581 

TO-39 

F 

12 

0.4 

470 MHz 

40965 

RF 

581 

TO-39 

F 

12 

0.5 

470 MHz 

40968 

RF 

596 

RCA HF44 

W 

12.5 

6 

470 MHz 

40970 

RF 

656 

RCA HF-40 

W 

12.5 

30 

470 MHz 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lit. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Codea 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Current 
Transfer Ratio 
or Frequency 

40971 

RF 

656 

ROA HF-40 

W 

12.5 

45 

470 MHz 

40972 

RF 

597 

TO-39 

F 

12.5 

1.75 

175 MHz 

40975 

RF 

606 

TO-39 

F 

12.5 

0.05 

118 MHz 

40976 

RF 

606 

TO-39 

F 

12.5 

0.5 

118 MHz 

41024 

RF 

658 

TO-39 

F 

28 

1 

IGHz 

41038 

RF 

679 

T046 

F 

20 

0.75 

1.68 GHz 

41039 

RF 

764 

TO-39 

F 

15(Vce) 

15(6pe) 

50-250 MHz 

41042 

RF 

758 

ROA HF-44 

W 

13 

20 

136 MHz 

41044 

RF 

783 

ROA HF-56 

N 

—20{Vee) 

0.4 

4.36 GHz 

41500 

PWR 

772 

TO-220AB 

N 

35 

40 

25 min. 

41501 

PWR 

770 

TO-220AB 

N 

-35 

40 

25 min. 

41502 

PWR 

773 

TO-39, TO-5 F 

30(Vcbo) 

3 

20 min. 

41503 

PWR 

774 

TO-39, TO-5 F 

—30{Vcbo) 

7 

20 min. 

41504 

PWR 

775 

TO-220AB 

N 

35(Vcer) 

36 

25 min. 

41505 

PWR 

771 

Plastic TO-5 F 

200{Vceo) 

20 

20 min. 

41506 

PWR 

776 

TO-3 

D 

200 

100 

8 min. 

43104 

PWR 

622 

TO-3 

D 

160 

150 

15-60 

CAIOIAT 

Lie 

786 

Note 3 

Note 6 

general-purpose operational amplifier 

CAIOIT 

Lie 

786 

Note 3 

Note 6 

general-purpose operational amplifier 

CA107S 

Lie 

785 

Note 3 

Note 6 

general-purpose operational amplifier 

CA107T 

Lie 

785 

Note 3 

Notes 

general-purpose operational amplifier 

CA108AS 

Lie 

621 

Note 3 

Notes 

precision operational amplifier 


CA108AT 

Lie 

621 

Note 3 

Note 6 

precision operational amplifier 


CA108S 

Lie 

621 

Note 3 

Notes 

precision operational amplifier 


CA108T 

Lie 

621 

Note 3 

Notes 

precision operational amplifier 


CAlllS 

Lie 

797 

Note 3 

Notes 

voltage comparator 


CAlllT 

Lie 

797 

Note 3 

Notes 

voltage comparator 


CA201AT 

Lie 

786 

Note 3 

Note 6 

general-purpose operational amplifier 

CA201T 

Lie 

786 

Note 3 

Note 6 

general-purpose operational amplifier 

CA207S 

Lie 

785 

Note 3 

Note 6 

general-purpose operational amplifier 

CA207T 

Lie 

785 

Note 3 

Notes 

general-purpose operational amplifier 

CA208AS 

Lie 

621 

Note 3 

Note 6 

precision operational amplifier 


CA208AT 

Lie 

621 

Note 3 

Notes 

precision operational amplifier 


CA208S 

Lie 

621 

Note 3 

Notes 

precision operational amplifier 


CA208T 

Lie 

621 

Notes 

Notes 

precision operational amplifier 


CA211S 

Lie 

797 

Notes 

Notes 

voltage comparator 


CA211T 

Lie 

797 

Notes 

Note 6 

voltage comparator 


CA301AE 

Lie 

786 

Note 3 

Notes 

general-purpose operational amplifier 

CA301AT 

Lie 

786 

Notes 

Notes 

general-purpose operational amplifier 

CA307E 

Lie 

785 

Note 3 

Notes 

general-purpose operational amplifier 

CA307S 

Lie 

785 

Notes 

Note 6 

general-purpose operational amplifier 

CA307T 

Lie 

785 

Note 3 

Note 6 

general-purpose operational amplifier 

CA308AS 

Lie 

621 

Note 3 

Note 6 

precision operational amplifier 


CA308AT 

Lie 

621 

Notes 

Notes 

precision operational amplifier 


CA308H 

Lie 

516 

— 

Notes 

precision operational amplifier 


CA308S 

Lie 

621 

Note 3 

Notes 

precision operational amplifier 


CA308T 

Lie 

621 

Note 3 

Notes 

precision operational amplifier 


CA311S 

Lie 

797 

Note 3 

Notes 

voltage comparator 


CA311T 

Lie 

797 

Note 3 

Notes 

voltage comparator 


CA324E 

Lie 

796 

Note 3 

Notes 

quad operational amplifier 



A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 



Guide To RCA Solid-State Products 


597 


Table Li-r-RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Code* 

Power (W), DC Current 

Voltage (V) Current* (A) or Transfer Ratio 

(Note 1) Noise Figure (dB) or Frequency 

CA339AE 

Lie 

795 

Note 3 

Note 6 

quad operational amplifier 

CA339E 

Lie 

795 

Note 3 

Note 6 

quad operational amplifier 

CA723CE 

Lie 

788 

Note 3 

Note 6 

voltage regulator 

CA723CT 

Lie 

788 

Note 3 

Note 6 

voltage regulator 

CA723E 

Lie 

788 

Note 3 

Note 6 

voltage regulator 

CA723T 

Lie 

788 

Note 3 

Note 6 

voltage regulator 

CA741/ 

Lie 

718 

Note 4 

Note 6 

high-reliability operational amplifier 

CA741CE 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA741CH 

Lie 

516 


Note 6 

operational amplifier chip 

CA741CS 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA741CT 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA741L 

Lie 

515 

—, 

Note 6 

beam-lead operational amplifier 

CA741S 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA741T 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA747/ 

Lie 

718 

Note 4 

Note 6 

high-reliability operational amplifier 

CA747CE 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA747CF 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA747CH 

Lie 

516 

— 

Note 6 

operational amplifier chip 

CA747CT 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA747E 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA747F 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA747L 

Lie 

531 

— 

Note 6 

beam-lead operational amplifier 

CA747T 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA748/ 

Lie 

718 

Note 4 

Note 6 

high-reliability operational amplifier 

CA748CE 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA748CH 

Lie 

516 

__ 

Note 6 

operational amplifier chip 

CA748CS 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA748CT 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA748S 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA748T 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA758E 

Lie 

760 

Note 3 

Note 6 

rc stereo decoder 

CA1310E 

Lie 

761 

Note 3 

Note 6 

rc stereo decoder 

CA1398E 

Lie 

686 

Note 3 

Note 6 

TV chroma processor 

CA1458E 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA1458S 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA1458T 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA1541D 

Lie 

536 

Note 3 

Note 6 

memory sense amplifier 

CA1541H 

Lie 

516 

— 

Note 6 

memory-sense-amplifier chip 

CA1558/ 

Lie 

718 

Note 4 

Note 6 

high-reliability operational amplifier 

CA1558S 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA1558T 

Lie 

531 

Note 3 

Note 6 

operational amplifier 

CA2111AE 

Lie 

612 

Note 3 

Note 6 

FM if subsystem 

CA2111AQ 

Lie 

612 

Note 3 

Note 6 

FM if subsystem 

CA3000 

Lie 

121 

Note 3 

Note 6 

dc amplifier 

CA3000/ 

Lie 

705 

Note 3 

Note 6 

high-reliability dc amplifier 

CA3000H 

Lie 

516 

_ 

Note 6 

dc-amplifier chip 

CA3001 

Lie 

122 

Note 3 

Note 6 

video amplifier 

CA3001/ 

Lie 

714 

Note 4 

Note 6 

high-reliability video amplifier 

CA3001H 

Lie 

516 

— 

Note 6 

video-amplifier chip 

CA3002 

Lie 

123 

Note 3 

Note 6 

if amplifier 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table LII. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Code" 

Power (W), DC Current 

Voltage (V) Current* (A) or Transfer Ratio 

(Note 1) Noise Figure (dB) or Frequency 

CA3002/ 

Lie 

713 

Note 4 

Note 6 

high-reliabllity if amplifier 

CA3002H 

Lie 

516 

— 

Note 6 

If-amplifier chip 

CA3004 

Lie 

124 

Note 3 

Note 6 

rf amplifier 

CA3004/ 

Lie 

712 

Note 4 

Note 6 

high-reliability rf amplifier 

CA3005 

Lie 

125 

TO-5 

Note 6 

rf amplifier 

CA3005H 

Lie 

516 

_ 

Note 6 

rf-amplifier chip 

CA3006 

Lie 

125 

TO-5 

Note 6 

rf amplifier 

CA3006/ 

Lie 

763 

Note 4 

Note 6 

high-reliabllity rf amplifier 

CA3007 

Lie 

126 

TO-5 

Note 6 

af amplifier 

CA3008 

Lie 

316 

Flat Pack 

Note 6 

operational amplifier 

CA3008A 

Lie 

310 

Flat Pack 

Note 6 

operational amplifier 

CA3010 

Lie 

316 

TO-5 

Note 6 

operational amplifier 

CA3010A 

Lie 

310 

TO-5 

Note 6 

operational amplifier 

CA3011 

Lie 

128 

TO-5 

Note 6 

wide-band amplifier 

CA3012 

Lie 

128 

TO-5 

Note 6 

wide-band amplifier 

CA3012H 

Lie 

516 

_ 

Note 6 

wide-band-amplifier chip 

CA3013 

Lie 

471 

TO-5 

Note 6 

wide-band amplifier-discriminator 

CA3014 

Lie 

129 

TO-5 

Notes 

wide-band amplifier-discriminator 

CA3015 

Lie 

316 

TO-5 

Note 6 

operational amplifier 

CA3015A 

Lie 

310 

TO-5 

Note 6 

operational amplifier 

CA3015A/ 

Lie 

715 

Note 4 

Note 6 

high-reliabllity operational amplifier 

CA3015H 

Lie 

516 

— 

Notes 

operational-amplifier chip 

CA3015L 

Lie 

515 

— 

Note 6 

beam-lead operational amplifier 

CA3016 

Lie 

316 

Flat Pack 

Note 6 

operational amplifier 

CA3016A 

Lie 

310 

Flat Pack 

Note 6 

operational amplifier 

CA3018 

Lie 

338 

TO-5 

Note 6 

transistor array 

CA3018A 

Lie 

338 

TO-5 

Note 6 

transistor array 

CA3018A/ 

Lie 

762 

Note 4 

Note 6 

high-reliability transistor array 

CA3018H 

Lie 

516 

_ 

Note 6 

transistor-array chip 

CA3018L 

Lie 

515 


Note 6 

beam-lead transistor array 

CA3019 

Lie 

236 

TO-5 

Note 6 

diode array 

CA3019/ 

Lie 

722 

Note 4 

Note 6 

high-reliability diode array 

CA3019H 

Lie 

516 

— 

Note 6 

diode-array chip 

CA3020 

Lie 

339 

TO-5 

Note 6 

wide-band power amplifier 

CA3020A 

Lie 

339 

TO-5 

Note 6 

wide-band power amplifier 

CA3020A/ 

Lie 

767 

Note 4 

Note 6 

high-reliabllity wide-band power amplifier 

CA3020H 

Lie 

516 

_ 

Note 6 

wide-band-power-amplifier chip 

CA3021 

Lie 

243 

TO-5 

Note 6 

low-power video amplifier 

CA3022 

Lie 

243 

TO-5 

Note 6 

low-power video amplifier 

CA3023 

Lie 

243 

TO-5 

Note 6 

low-power video amplifier 

CA3023H 

Lie 

516 

_ 

Note 6 

low-power-video-amplifier chip 

CA3026 

Lie 

388 

TO-5 

Note 6 

dual differential amplifier 

CA3026/ 

Lie 

706 

Note 4 

Note 6 

high-reliabllity dual differential amplifier 

CA3026H 

Lie 

516 

_ 

Note 6 

dual-differential-amplifier chip 

CA3028A 

Lie 

382 

TO-5 

Note 6 

differential/cascode amplifier 

CA30228AF 

Lie 

382 

Note 3 

Note 6 

differential/cascode amplifier 

CA3028AH 

Lie 

516 

— 

Note 6 

differential/cascode-amplifier chip 

CA3028AL 

Lie 

515 

_ 

Note 6 

beam-lead differential/cascode amplifier 

CA3028AS 

Lie 

382 

Note 3 

Note 6 

differential/cascode amplifier 

CA3028B 

Lie 

382 

TO-5 

Note 6 

differential/cascode amplifier 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table Li—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

Package^ 

Lead 

Code" 

Power (W), DC Current 

Voltage (V) Current* (A) or Transfer Ratio 

(Note 1) Noise Figure (dB) or Frequency 

CA3028B/ 

Lie 

711 

Note 4 

Notes 

high-reliability differential/cascode amplifier 

CA3028BF 

Lie 

382 

Note 3 

Notes 

differential/cascode amplifier 

CA3028BS 

Lie 

382 

Note 3 

Note 6 

differential/cascode amplifier 

CA3029 

Lie 

316 

DIP 

Note 6 

operational amplifier 

CA3029A 

Lie 

310 

DIP 

Notes 

operational amplifier 

CA3030 

Lie 

316 

DIP 

Note 6 

operational amolifier 

CA3030A 

Lie 

310 

Die 

Note 6 

operational amplifier 

CA3033 

Lie 

360 

Die 

Note 6 

operational amplifier 

CA3033A 

Lie 

360 

Die 

Note 6 

operational amplifier 

CA3033H 

Lie 

516 

__ 

Note 6 

operational-amplifier chip 

CA3035 

Lie 

274 

TO-5 

Note 6 

wide-band amplifier array 

CA3035H 

Lie 

516 

— 

Note 6 

wide-band amplifier-array chip 

CA3035V1 

Lie 

274 

Note 3 

Note 6 

wide-band amplifier array 

CA3036 

Lie 

275 

TO-5 

Note 6 

dual Darlington array 

-a3037 

Lie 

316 

Die 

Note 6 

operational amplifier 

CA3037A 

Lie 

310 

Die 

Note 6 

operational amplifier 

CA3038 

Lie 

316 

Die 

Note 6 

operational amplifier 

CA3038A 

Lie 

310 

Die 

Note 6 

operational amplifier 

CA3039 

Lie 

310 

TO-5 

Note 6 

diode array 

CA3039/ 

Lie 

704 

Note 4 

Note 6 

high-reliability diode array 

CA3039H 

Lie 

516 

_ 

Note 6 

diode-array chip 

CA3039L 

Lie 

515 

_ 

Note 6 

beam-lead diode array 

CA3040 

Lie 

363 

TO-5 

Note 6 

wide-band amplifier 

CA3041 

Lie 

318 

DIP 

Note 6 

TV if sound subsystem 

CA3042 

Lie 

319 

DIP 

Note 6 

TV if sound subsystem 

CA3043 

Lie 

331 

TO-5 

Note 6 

FM if subsystem 

CA3043H 

Lie 

516 

_ 

Note 6 

FM-if-subsystem chip 

CA3044 

Lie 

340 

TO-5 

Note 6 

TV automatic-fine-tuning subsystem 

CA3044V1 

Lie 

340 

Note 3 

Note 6 

TV automatic-fine-tuning subsystem 

CA3045 

Lie 

341 

Die 

Note 6 

transistor array 

CA3045/ 

Lie 

710 

Note 4 

Note 6 

high-reliability transistor array 

CA3045F 

Lie 

341 

Note 3 

Note 6 

transistor array 

CA3045H 

Lie 

516 

_ 

Note 6 

transistor-array chip 

CA3045L 

Lie 

515 

— 

Note 6 

beam-lead transistor array 

CA3046 

Lie 

341 

DIP 

Note 6 

transistor array 

CA3047 

Lie 

360 

DIP 

Note 6 

operational amplifier 

CA3047A 

Lie 

360 

DIP 

Note 6 

operational amplifier 

CA3048 

Lie 

377 

DIP 

Note 6 

amplifier array 

CA3048H 

Lie 

516 

_ 

Note 6 

amplifier-array chip 

CA3049/ 

Lie 

707 

Note 4 

Note 6 

high-reliability dual differential amplifier 

CA3049H 

Lie 

516 


Note 6 

dual-diffierential-amplifler chip 

CA3049L 

Lie 

515 

_ 

Note 6 

beam-lead dual differential amplifier 

CA3049T 

Lie 

611 

TO-5 

Note 6 

dual differential amplifier 

CA3050 

Lie 

361 

Die 

Note 6 

dual differential amplifier 

CA3051 

Lie 

361 

DIP 

Note 6 

dual differential amplifier 

CA3052 

Lie 

387 

DIP 

Note 6 

stereo preamplifier 

CA3053 

Lie 

382 

TO-5 

Note 6 

differential/cascode amplifier 

CA3053F 

Lie 

382 

Note 3 

Note 6 

differential/cascode amplifier 

CA3053S 

Lie 

382 

Note 3 

Note 6 

differential/cascode amplifier 

CA3054 

Lie 

388 

DIP 

Note 6 

dual differential amplifier 


A Dimensional outlines are shown following data charts, 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Codes 

Power (W), DC Current 

Voltage (V) Current* (A) or Transfer Ratio 

(Note 1) Noise Figure (dB) or Frequency 

CA3054H 

Lie 

516 

_ 

Note 6 

dual-differential-amplifier chip 

CA3054L 

Lie 

515 

— 

Note 6 

beam-lead dual differential amplifier 

CA3058 

Lie 

490 

Die 

Note 6 

zero-voltage switch 

CA3058/ 

Lie 

703 

Note 4 

Note 6 

high-reliability zero-voltage switch 

CA3059 

Lie 

490 

DIP 

Note 6 

zero-voltage switch 

CA3059H 

Lie 

516 

_ 

Note 6 

zero-voltage-switch chip 

CA3060AD 

Lie 

537 

Note 3 

Note 6 

OTA array 

CA3060BD 

Lie 

537 

Note 3 

Note 6 

OTA array 

CA3060D 

Lie 

537 

Note 3 

Note 6 

OTA array 

CA3060E 

Lie 

537 

Note 3 

Note 6 

OTA array 

CA3060H 

Lie 

516 

_ 

Note 6 

OTA-array chip 

CA3062 

Lie 

421 

TO-5 

Note 6 

photo detector and power amplifier 

CA3064 

Lie 

396 

TO-5 

Note 6 

TV automatic-fine-tuning subsystem 

CA3064E 

Lie 

396 

Note 3 

Note 6 

TV automatic-fine-tuning subsystem 

CA3065 

Lie 

412 

DIP 

Note 6 

TV If sound system 

CA3066 

Lie 

466 

DIP 

Note 6 

TV chroma signal processor 

CA3067 

Lie 

466 

DIP 

Note 6 

TV chroma demodulator 

CA3068 

Lie 

467 

QUIP 

Note 6 

TV video if system 

CA3070 

Lie 

468 

DIP 

Note 6 

TV chroma signal processor 

CA3071 

Lie 

468 

DIP 

Note 6 

TV chroma amplifier 

CA3072 

Lie 

468 

DIP 

Note 6 

TV chroma demodulator 

CA3075 

Lie 

429 

QUIP 

Note 6 

FM if subsystem 

CA3075H 

Lie 

516 

— 

Note 6 

FM-if-subsystem chip 

CA3076 

Lie 

430 

TO-5 

Note 6 

FM if gain block 

CA3076H 

Lie 

516 

— 

Note 6 

FM-if-gain-block chip 

CA3078AS 

Lie 

535 

Note 3 

Note 6 

micropower operational amplifier 

CA3078AT 

Lie 

535 

Note 3 

Note 6 

micropower operational amplifier 

CA3078H 

Lie 

516 

— 

Note 6 

micropower-operatlonal-amplifier chip 

CA3078S 

Lie 

535 

Note 3 

Note 6 

micropower operational amplifier 

CA3078T 

Lie 

535 

Note 3 

Note 6 

micropower operational amplifier 

CA3079 

Lie 

490 

DIP 

Note 6 

zero-voltage switch 

CA3080 

Lie 

475 

TO-5 

Note 6 

operational transconductance amplifier 

mom 

Lie 

709 

Note 4 

Note 6 

high-reliability OTA 

CA3080A 

Lie 

475 

TO-5 

Note 6 

operational transconductance amplifier 

CA3080A/ 

Lie 

709 

Note 4 

Note 6 

high-reliability OTA 

CA3080AS 

Lie 

475 

Note 3 

Note 6 

operational transconductance amplifier 

CA3080E 

Lie 

475 

Note 3 

Note 6 

operational transconductance amplifier 

CA3080H 

Lie 

516 


Note 6 

OTA chip 

mom 

Lie 

475 

Note 3 

Note 6 

operational transconductance amplifier 

CA3081 

Lie 

480 

DIP 

Note 6 

transistor array (n-p-n) 

CA3081F 

Lie 

480 

Note 3 

Note 6 

transistor array (n-p-n) 

CA3081H 

Lie 

516 

— 

Note 6 

transistor-array chip (n-p-n) 

CA3082 

Lie 

480 

DIP 

Note 6 

transistor array (n-p-n) 

CA3082F 

Lie 

480 

Note 3 

Note 6 

transistor array (n-p-n) 

CA3082H 

Lie 

516 

— 

Note 6 

transistor-array chip (n-p-n) 

CA3083 

Lie 

481 

DIP 

Note 6 

beam-lead transistor array (n-p-n) 

CA3083F 

Lie 

481 

Note 3 

Note 6 

transistor array (n-p-n) 

CA3083H 

Lie 

516 

_ 

Note 6 

transistor array chip (n-p-n) 

CA3083L 

Lie 

515 

— 

Note 6 

beam-lead transistor array (n-p-n) 

CA3084 

Lie 

482 

DIP 

Note 6 

transistor-array chip (p-n-p) 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lil. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Code* 

Power (W), DC Current 

Voltage (V) Current* (A) or Transfer Ratio 

(Note 1) Noise Figure (dB) or Frequency 

CA3084H 

Lie 

516 

_ 

Note 6 

transistor-array chip (p-n-p) 

CA3084L 

Lie 

515 

— 

Note 6 

beam-lead transistor array (p-n-p) 

CA3085 

Lie 

491 

TO-5 

Note 6 

positive voltage regulator 

CA3085/ 

Lie 

708 

Note 4 

Note 6 

high-reliability positive voltage regulator 

CA3085A 

Lie 

491 

TO-5 

Note 6 

positive voltage regulator 

CA3085A/ 

Lie 

708 

Note 4 

Note 6 

high-reliability positive voltage regulator 

CA3085AE 

Lie 

491 

Note 3 

Note 6 

positive voltage regulator 

CA3085AF 

Lie 

491 

Note 3 

Note 6 

positive voltage regulator 

CA3085AS 

Lie 

491 

Note 3 

Note 6 

positive voltage regulator 

CA3085B 

Lie 

491 

TO-5 

Note 6 

positive voltage regulator 

CA3085B/ 

Lie 

708 

Note 4 

Note 6 

positive voltage regulator 

CA3085BF 

Lie 

491 

Note 3 

Note 6 

positive voltage regulator 

CA3085BS 

Lie 

491 

Note 3 

Note 6 

positive voltage regulator 

CA3085E 

Lie 

491 

Note 3 

Note 6 

positive voltage regulator 

CA3085F 

Lie 

491 

Note 3 

Notes 

positive voltage regulator 

CA3085H 

Lie 

516 

_ 

Note 6 

positive-voltage-regulator chip 

CA3085L 

Lie 

515 

— 

Note 6 

beam-lead positive voltage regulator 

CA3085S 

Lie 

491 

Note 3 

Note 6 

positive voltage regulator 

CA3086 

Lie 

483 

DIP 

Note 6 

transistor array (n-p-n) 

CA3086F 

Lie 

483 

Note 3 

Note 6 

transistor array (n-p-n) 

CA3088E 

Lie 

560 

Note 3 

Note 6 

AM receiver subsystem 

CA3089E 

Lie 

561 

Note 3 

Note 6 

FM if system 

CA3090AQ 

Lie 

684 

Note 3 

Note 6 

stereo multiplex decoder 

CA3091D 

Lie 

534 

Note 3 

Note 6 

four-quadrant multiplier 

CA3091H 

Lie 

516 

-- 

Note 6 

four-quadrant multiplier chip 

CA3093E 

Lie 

533 

Note 3 

Note 6 

transistor-diode array 

CA3093H 

Lie 

516 

— 

Note 6 

transIstor-diode-array chip 

CA3094/ 

Lie 

692 

Note 4 

Note 6 

high-rel. programmable power switch/amplifier 

CA3094A/ 

Lie 

692 

Note 4 

Note 6 

high-rel. programmable power switch/amplifier 

CA3094AE 

Lie 

598 

Note 3 

Note 6 

programmable power switch/amplifier 

CA3094AT 

Lie 

598 

Note 3 

Note 6 

programmable power switch/amplifier 

CA3094B/ 

Lie 

692 

Note 4 

Note 6 

high-rel. programmable power switch/amplifier 

CA3094BT 

Lie 

598 

Note 3 

Note 6 

programmable power switch/amplifier 

CA3094E 

Lie 

598 

Note 3 

Note 6 

programmable power switch/amplifier 

CA3094H 

Lie 

516 

— 

Note 6 

programmable power switch/amplifier chip 

CA3094T 

Lie 

598 

Note 3 

Note 6 

programmable power switch/amplifier 

CA3095E 

Lie 

591 

Note 3 

Note 6 

super-beta transistor array 

CA3096AE 

Lie 

595 

Note 3 

Note 6 

n-p-n/p-n-p transistor array 

CA3096E 

Lie 

595 

Note 3 

Note 6 

n-p-n/p-n-p transistor array 

CA3096H 

Lie 

516 

— 

Note 6 

n-p-n/p-n-ptransistor-array chip 

CA3097E 

Lie 

633 

Note 3 

Note 6 

thyristor/transistor array 

CA3097H 

Lie 

516 

— 

Note 6 

thyristor/transistor-array chip 

CA3099E 

Lie 

620 

Note 3 

Note 6 

programmable comparator 

CA3099H 

Lie 

516 

— 

Note 6 

programmable-comparator chip 

CA3100H 

Lie 

516 

— 

Note 6 

wide-band operational-amplifier chip 

CA3100S 

Lie 

625 

Note 3 

Note 6 

wide-band operational amplifier 

CA3100T 

Lie 

625 

Note 3 

Note 6 

wide-band operational amplifier 

CA3102E 

Lie 

611 

Note 3 

Note 6 

dual differential amplifier 

CA3102H 

Lie 

516 

— 

Note 6 

dual differential-amplifier chip 

CA3118AT 

Lie 

532 

Note 3 

Note 6 

high-voltage transistor array n-p-n 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explafned In Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Code" 

Power (W), DC Current 

Voltage (V) Current* (A) or Transfer Ratio 

(Note 1) Noise Figure (dB) or Frequency 

CA3118H 

Lie 

532 

_ 

Note 6 

high-voltage transistor array 

CA3118T 

Lie 

532 

Note 3 

Note 6 

high-voltage transistor array 

CA3120E 

Lie 

691 

N^ote 3 

Note 6 

TV signal processor 

CA3121E 

Lie 

688 

Note 3 

Note 6 

TV chroma amplifier/demodulator 

CA3123E 

Lie 

631 

Note 3 

Note 6 

AM radio receiver subsystem 

CA3125E 

Lie 

685 

Note 3 

Note 6 

TV chroma processor 

CA3126Q 

Lie 


Note 3 

Note 6 

TV chroma processor 

CA3127E 

Lie 

662 

Note 3 

Note 6 

HF array 

CA3127H 

Lie 

516 

— 

Note 6 

HF-array chip 

CA3130AS 

Lie 

817 

Note 3 

Note 6 

COS/MOS operational amplifier 

CA3130AT 

Lie 

817 

Note 3 

Note 6 

COS/MOS operational amplifier 

CA3130.BS 

Lie 

817 

Note 3 

Note 6 

COS/MOS operational amplifier 

CA3130BT 

Lie 

817 

Note 3 

Note 6 

COS/MOS operational amplifier 

CA3130S 

Lie 

817 

Note 3 

Note 6 

COS/MOS operational amplifier 

CA3130T 

Lie 

817 

Note 3 

Note 6 

COS/MOS operational amplifier 

CA3140E 

Lie 

630 

Note 3 

Note 6 

quad operational amplifier 

CA3140H 

Lie 

516 

— 

Note 6 

quad-operational-amplifier chip 

CA3146AE 

Lie 

532 

Note 3 

Note 6 

high-voltage transistor array (n-p-n) 

CA3146E 

Lie 

532 

Note 3 

Note 6 

high-voltage transistor array (n-p-n) 

CA3146H 

Lie 

516 

— 

Note 6 

high-voltage-transistor-array chip (n-p-n) 

CA3183AE 

Lie 

532 

Note 3 

Note 6 

high-voltage transistor array (n-p-n) 

CA3183E 

Lie 

532 

Note 3 

Note 6 

high-voltage transistor array (n-p-n) 

CA3183H 

Lie 

516 

__ 

Note 6 

high-voltage-transistor-array cihp (n-p-n) 

CA3401E 

Lie 

630 

Note 3 

Notes 

dual operational amplifier 

CA360(}E 

Lie 

619 

Note 3 

Note 6 

COS/MOS transistor array 

CA6078AS 

Lie 

592 

Note 3 

Note 6 

low-noise operational amplifier 

CA6078AT 

Lie 

592 

Note 3 

Note 6 

low-noise operational amplifier 

CA6741S 

Lie 

592 

Note 3 

Notes 

low-noise operational amplifier 

CA6741T 

Lie 

592 

Note 3 

Note 6 

low-noise operational amplifier 

CD2150 

Lie 

308 

Flat Pack 

Note 6 

ultra-high-speed ECCSL gate 

CD2151 

Lie 

308 

Flat Pack 

Note 6 

ultra-high-speed ECCSL gate 

CD2152 

Lie 

308 

Flat Pack 

Note 6 

ultra-high-speed ECCSL gate 

CD2153 

Lie 

308 

Flat Pack 

Note 6 

ultra-high-speed ECCSL gate 

CD2154 

Lie 

402 

Flat Pack 

Note 6 

ultra-high-speed ECCSL gate 

CD2500E 

Lie 

392 

DIP 

Notes 

BCD-to-7-segment decoder/driver 

CD2501E 

Lie 

392 

DIP 

Notes 

BCD-to-7-segment decoder/driver 

CD2502E 

Lie 

392 

DIP 

Notes 

BCD-to-7-segment decoder/driver 

CD2503E 

Lie 

392 

DIP 

Notes 

BCD-to-7-segment decoder/driver 

CD4000A/ 

eos/Mos 

687 

Note 5 

Notes 

dual 3-input NOR gate plus inverter 

CD4000AD 

COS/MOS 

479 

Notes 

Notes 

dual 3-input NOR gate plus Inverter 

CD4000AE 

eos/Mos 

479 

Notes 

Notes 

dual 3-input NOR gate plus inverter 

CD4000AF 

eos/Mos 

479 

Notes 

Notes 

dual 3-input NOR gate plus inverter 

CD4000AH 

eos/Mos 

517 

— 1 

Notes 

dual-3-input-NOR-gate-plus-inverter chip 

CD4000AK 

eos/Mos 

479 

Note^ 

Notes 

dual 3-input NOR gate plus inverter 

CD4001A/ 

eos/MOs 

687 

Note5 

Notes 

high-reliability quad 2-input NOR gate 

CD4001AD 

eos/Mos 

479 

Notes 

Notes 

quad 2-input NOR gate 

CD4001AE 

eos/Mos 

479 

Notes 

Note 6 

quad 2-input NOR gate 

CD4001AF 

eos/Mos 

479 

Note 3 

Notes 

quad 2-Input NOR gate 

CD4001AH 

eos/Mos 

517 

— 

Notes 

quad-2-input-NOR-gate chip 

CD4001AK 

eos/Mos 

479 

Notes 

Notes 

quad 2-input NOR gate 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 



Guide To RCA Solid-State Products 


603 


Table LI—RCA Standard Solid-State Devices (cont'd) 


Prod. File Lead 

Type No. Line No. PackageA CodeB 


CD4002A/ 

COS/MOS 

CD4002AD 

COS/MOS 

CD4002AE 

COS/MOS 

CD4002AF 

COS/MOS 

CD4002AH 

COS/MOS 

CD4002AK 

COS/MOS 

CD4006A/ 

COS/MOS 

CD4006AD 

COS/MOS 

CD4006AE 

COS/MOS 

CD4006AF 

COS/MOS 

CD4006AH 

COS/MOS 

CD4006AK 

COS/MOS 

CD4007A/ 

COS/MOS 

CD4007AD 

COS/MOS 

CD4007AE 

COS/MOS 

CD4007AF 

COS/MOS 

CD4007AH 

COS/MOS 

CD4007AK 

COS/MOS 

CD4008A/ 

COS/MOS 

CD4008AD 

COS/MOS 

CD4008AE 

COS/MOS 

CD4008AF 

COS/MOS 

CD4008AH 

COS/MOS 

CD4008AK 

COS/MOS 

CD4009A/ 

COS/MOS 

CD4009AD 

COS/MOS 

CD4009AE 

COS/MOS 

CD4009AF1 

COS/MOS 

CD4009AK 

COS/MOS 

CD4010A/ 

COS/MOS 

CD4010AD 

COS/MOS 

CD4010AE 

COS/MOS 

CD4010AH 

COS/MOS 

CD4010AK 

COS/MOS 

CD4011A/ 

COS/MOS 

CD4011AD 

COS/MOS 

CD4011AE 

COS/MOS 

CD4011AF 

COS/MOS 

CD4011AH 

COS/MOS 

CD4011AK 

COS/MOS 

CD4012A/ 

COS/MOS 

CD4012AO 

COS/MOS 

CD4012AE 

COS/MOS 

CD4012AF 

COS/MOS 

CD4012AH 

COS/MOS 


687 

Note 5 

Note 6 

479 

Note 3 

Note 6 

479 

Note 3 

Note 6 

479 

Note 3 

Note 6 

517 

— 

Note 6 

479 

Note 3 

Note 6 

689 

Note 5 

Note 6 

479 

Note 3 

Note 6 

479 

Note 3 

Note 6 

479 

Note 3 

Note 6 

517 

_ 

Note 6 

479 

Note 3 

Note 6 

695 

Note 5 

Note 6 

479 

Note 3 

Note 6 

479 

Note 3 

Note 6 

479 

Note 3 

Note 6 

517 

— 

Note 6 

479 

Note 3 

Note 6 

696 

Note 5 

Note 6 

479 

Note 3 

Note 6 

479 

Note 3 

Note 6 

479 

Note 3 

Note 6 

517 

_ 

Note 6 

479 

Note 3 

Note 6 

719 

Note 5 

Note 6 

479 

Note 3 

Note 6 

479 

Note 3 

Note 6 

517 

_ 

Note 6 

479 

Note 3 

Note 6 

719 

Note 5 

Note 6 

479 

Note 3 

Note 6 

479 

Note 3 

Note 6 

517 

_ 

Note 6 

479 

Note 3 

Note 6 

717 

Note 5 

Note 6 

479 

Note 3 

Note 6 

479 

Note 3 

Note 6 

479 

Note 3 

Note 6 

517 

_ 

Note 6 

479 

Note 3 

Note 6 

717 

Note 5 

Note 6 

479 

Note 3 

Note 6 

479 

Note 3 

Note 6 

479 

Note 3 

Note 6 

517 

— 

Note 6 


Power (W), DC Current 
Voltage (V) Current* (A) or Transfer Ratio 
(Note 1) Noise Figure (dB) or Frequency 


high-reliability dual 4-input NOR gate 
dual 4-input NOR gate 
dual 4-input NOR gate 
dual 4-input NOR gate 
dual4-in-put-N0R-gate chip 

dual 4-Input NOR gate 

high-reliability 18-stage static shift register 
18-stage static shift register 
18-stage static shift register 
18-stage static shift register 

18-stage-static-shift-register chip 
18-stage static shift register 
high-reliability dual complementary pair 
plus inverter 

dual complementary pair plus inverter 
dual complementary pair plus inverter 

dual complementary pair plus inverter 
dual-complementary-pair-plus-inverter chip 
dual complementary pair plus inverter 
high-reliability 4-bit full adder with parallel 
carry 

4-blt full adder with parallel carry 

4-bit full adder with parallel carry 
4-bit full adder with parallel carry 
4 -bit-full-adder-wlth-parrallel-carry chip 
4-bit full adder with parallel carry 
high-reliability hex buffer/converter (inverting) 

hex buffer/converter (Inverting) 
hex buffer/converter (inverting) 
hex-buffer/converter chip (inverting) 
hex buffer/converter (inverting) 
high-reliability hex buffer/converter 
(non-inverting) 

hex buffer/converter (non-inverting) 
hex buffer/converter (non-inverting) 
hex-buffer/converter chip (non-inverting) 
hex buffer/converter (non-inverting) 
high-reliability quad 2-input NAND gate 

quad 2-input NAND gate 
quad 2-input NAND gate 
quad 2-input NAND gate 
quad-2-input-NAND-gate chip 
quad 2-input NAND gate 

high-reliability dual 4-input NAND gate 
dual 4-input NAND gate 
dual 4-input NAND gate 
dual 4-input NAND gate 
dual-4-input-NAND-gate chip 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table LI I. 

See Notes on page 619. 



604 


RCA Solid-State Devices Manual 


Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

Package^ 

Lead 

Code" 

Power (W), DC Current 

Voltage (V) Current* (A) or Transfer Ratio 

(Note 1) Noise Figure (dB) or Frequency 

CD4012AK 

COS/MOS 

479 

Note 3 

Note 6 

dual 4-input NAND gate 

high-reliability dual “D” flip-flop with set/reset 

CD4013A/ 

GOS/MOS 

697 

Note 5 

Notes 

CD4013AD 

COS/MOS 

479 

Note 3 

Note 6 

dual “D” flip-flop with set/reset 
dual “D" flip-flop with set/reset 
dual “D” flip-flop with set/reset 

CD4013AE 

COS/MOS 

479 

Note 3 

Note 6 

CD4013AF 

COS/MOS 

479 

Note 3 

Note 6 

CD4013AH 

COS/MOS 

517 

— 

Notes 

duai-'‘D"-flip-flop-with-set/reset chip 

CD4013AK 

COS/MOS 

479 

Note 3 

Note 6 

dual "D” flip-flop with set/reset 

CD4014A/ 

COS/MOS 

720 

Note 5 

Notes 

high-reliability 8-stage static shift register 

CD4014AD 

COS/MOS 

479 

Note 3 

Notes 

8-stage static shift register 

CD4014AE 

COS/MOS 

479 

Note 3 

Note 6 

8-stage static shift register 

CD4014AF 

COS/MOS 

479 

Note 3 

Notes 

8-stage static shift register 

CD4014AH 

COS/MOS 

517 

— 

Notes 

8-stage-static-shift-register chip 

CD4014AK 

COS/MOS 

479 

Note 3 

Notes 

8-stage static shift register 

CD4015A/ 

COS/MOS 

721 

Note 5 

Notes 

high-reliability dual 4-stage static shift register 

CD4015AD 

COS/MOS 

479 

Note 3 

Notes 

dual 4-stage static shift register 

CD4015AE 

COS/MOS 

479 

Note 3 

Note 6 

dual 4-stage static shift register 

CD4015AF 

COS/MOS 

479 

Note 3 

Note 6 

dual 4-stage static shift register 

CD4015AH 

COS/MOS 

517 

— 

Note 6 

dual-4-stage-static-shift-register chip 

CD4015AK 

COS/MOS 

479 

Note 3 

Notes 

dual 4-stage static shift register 

CD4016A/ 

COS/MOS 

744 

Note 5 

Notes 

high-reliability quad bilateral switch 

CD4016AD 

COS/MOS 

479 

Note 3 

Notes 

quad bilateral switch 

CD4016AE 

COS/MOS 

479 

Note 3 

Note 6 

quad bilateral switch 

CD4016AF 

COS/MOS 

479 

Note 3 

Note 6 

quad bilateral switch 

CD4016AH 

COS/MOS 

517 

— 

Note 6 

quad-bilateral-switch chip 

CD4016AK 

COS/MOS 

479 

Note 3 

Notes 

quad bilateral switch 

CD4017A/ 

COS/MOS 

741 

Note 5 

Note 6 

high-reliability decade counter/divider 

CD4017AD 

COS/MOS 

479 

Note 3 

Note 6 

decade counter/divider 

CD4017AE 

COS/MOS 

479 

Note 3 

Note 6 

decade counter/divider 

CD4017AF 

COS/MOS 

479 

Note 3 

Note 6 

decade counter/divider 

CD4017AH 

COS/MOS 

517 

— 

Notes 

decade-counter/divider chip 

CD4017AK 

COS/MOS 

479 

Note 3 

Notes 

decade counter/divider 

CD4018A/ 

COS/MOS 

742 

Note 5 

Note 6 

high-reliability presettable divide-by-"N" 
counter 

CD4018AD 

COS/MOS 

479 

Note 3 

Notes 

presettable divide-by-“N” counter 

CD4018AE 

COS/MOS 

479 

Note 3 

Notes 

presettable divide-by-"N” counter 

CD4018AF 

COS/MOS 

479 

Note 3 

Notes 

presettable divide-by-“N” counter 

CD4018AH 

COS/MOS 

517 

_ 

Notes 

presettable-divide-by-"N”-counter chip 

CD4018AK 

COS/MOS 

479 

Note 3 

Note 6 

presettable divide-by-“N’' counter 

CD4019A/ 

COS/MOS 

743 

Note 5 

Notes 

high-reliability quad AND-OR select gate 

CD4019AD 

COS/MOS 

479 

Note 3 

Note 6 

quad AND-OR select gate 

CD4019AE 

COS/MOS 

479 

Note 3 

Notes 

quad AND-OR select gate 

CD4019AF 

COS/MOS 

479 

Note 3 

Notes 

quad AND-OR select gate 

CD4019AH 

COS/MOS 

517 

— 

Note 6 

quad-AND-OR-select-gate chip 

CD4019AK 

COS/MOS 

479 

Note 3 

Notes 

quad AND-OR select gate 

CD4020A/ 

COS/MOS 

750 

Note 5 

Notes 

high-reliability 14-stage binary/ripple counter 

CD4020AD 

COS/MOS 

479 

Note 3 

Notes 

14-stage binary/ripple counter 

CD4020AE 

COS/MOS 

479 

Note 3 

Notes 

14-stage binary/rippie counter 

CD4020AF 

COS/MOS 

479 

Note 3 

Note 6 

14-stage binary/ripple counter 

CD4020AH 

COS/MOS 

517 

— 

Note 6 

14-stage-binary/ripple-counter chip 

CD4020AK 

COS/MOS 

479 

Note 3 

Note 6 

14-stage binary/ripple counter 

CD4021A/ 

COS/MOS 

730 

Note 5 

Notes 

high-reliability 8-stage static shift register 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

Packaged 

Lead 

Code" 

Power (W), DC Current 

Voltage (V) Current* (A) or Transfer Ratio 

(Note 1) Noise Figure (dB) or Frequency 

CD4021AD 

COS/MOS 

479 

Note 3 

Note 6 

8-stage static shift register 

CD4021AE 

COS/MOS 

479 

Note 3 

Note 6 

8-stage static shift register 

CD4021AF 

COS/MOS 

479 

Note 3 

Note 6 

8-stage static shift register 

CD4021AH 

COS/MOS 

517 

— 

Note 6 

8-stage-static-shift-register chip 

CD4021AK 

COS/MOS 

479 

Note 3 

Note 6 

8-stage static shift register 

CD4022A/ 

COS/MOS 

731 

Note 5 

Note 6 

high-reliability divide-by-8 counter/divider 

CD4022AD 

COS/MOS 

479 

Notes 

Note 6 

divide-by-8 counter/divider 

CD4022AE 

COS/MOS 

479 

Note 3 

Note 6 

divide-by-8 counter/divider 

CD4022AF 

COS/MOS 

479 

Note 3 

Note 6 

divide-by-8 counter/divider 

CD4022AH 

COS/MOS 

517 

— 

Note 6 

divide-by-8-counter/divider chip 

CD4022AK 

COS/MOS 

479 

Notes 

Note 6 

divide-by-8 counter/divider 

CD4023A/ 

COS/MOS 

717 

Notes 

Note 6 

high-reliability triple-3-input NAND gate 

CD4023AD 

COS/MOS 

479 

Notes 

Note 6 

triple 3-input NAND gate 

CD4023AE 

COS/MOS 

479 

Note 3 

Note 6 

triple 3-Input NAND gate 

CD4023AF 

COS/MOS 

479 

Notes 

Note 6 

triple 3-input NAND gate 

CD4023AH 

COS/MOS 

517 

_ 

Note 6 

triple-3-input-NAND-gate chip 

CD4023AK 

COS/MOS 

479 

Note 3 

Note 6 

triple 3-input NAND gate 

CD4024A/ 

COS/MOS 

732 

Note 5 

Note 6 

high-reliability 7-stage binary counter 

CD4024AD 

COS/MOS 

503 

Notes 

Note 6 

7-stage binary counter 

CD4024AE 

COS/MOS 

503 

Notes 

Note 6 

7-stage binary counter 

CD4024AF 

COS/MOS 

503 

Notes 

Note 6 

7-stage binary counter 

CD4024AH 

COS/MOS 

517 

_ 

Note 6 

7-stage-binary-counter chip 

CD4025A/ 

COS/MOS 

687 

Notes 

Note 6 

high-reliability triple 3-Input NOR gate 

CD4025AD 

COS/MOS 

479 

Notes 

Note 6 

triple 3-input NOR gate 

CD4025AE 

COS/MOS 

479 

Notes 

Note 6 

triple 3-input NOR gate 

CD4025AF 

COS/MOS 

479 

Notes 

Note 6 

triple 3-input NOR gate 

CD4025AH 

COS/MOS 

517 

— 

Note 6 

triple-3-input-NOR-gate chip 

CD4025AK 

COS/MOS 

479 

Notes 

Note 6 

triple 3-input NOR gate 

CD4026A/ 

COS/MOS 

733 

Note 5 

Note 6 

high-reliability decade counter/divider 

CD4026AD 

COS/MOS 

503 

Notes 

Notes 

decade counter/divider 

CD4026AE 

COS/MOS 

503 

Note 3 

Note 6 

decade counter/divider 

CD4026AF 

COS/MOS 

503 

Notes 

Note 6 

decade counter/divider 

CD4026AH 

COS/MOS 

517 

— 

Note 6 

decade-counter/divider chip 

CD4026AK 

COS/MOS 

503 

Notes 

Note 6 

decade counter/divider 

CD4027A/ 

COS/MOS 

734 

Note 5 

Notes 

high-reliability dual J-K master-slave flip-flop 

CD4027AO 

COS/MOS 

503 

Notes 

Note 6 

dual J-K master-slave flip-flop 

CD4027AE 

COS/MOS 

503 

Notes 

Note 6 

dual J-K master-slave flip-flop 

CD4027AH 

COS/MOS 

517 

_ 

Note 6 

dual-J-K-master-slave-flip-flop chip 

CD4027AK 

COS/MOS 

503 

Note 3 

Note 6 

dual J-K master-slave flip-flop 

CD4028A/ 

COS/MOS 

735 

Note 5 

Note 6 

high-reliability BCD-to-decimal decoder 

CD4028AD 

COS/MOS 

503 

Notes 

Note 6 

BCD-to-decimal decoder 

CD4028AE 

COS/MOS 

503 

Note 3 

Note 6 

BCD-to-decimal decoder 

CD4028AF 

COS/MOS 

503 

Note 3 

Note 6 

BCD-to-decimal decoder 

CD4028AH 

COS/MOS 

517 

— 

Notes 

BCD-to-decimal-decoder chip 

CD4028AK 

COS/MOS 

503 

Notes 

Note 6 

BCD-to-decimal decoder 

CD4029A/ 

COS/MOS 

736 

Notes 

Note 6 

high-reliability presettable up/down counter 

CD4029AD 

COS/MOS 

503 

Note 3 

Note 6 

presettable up/down counter 

CD4029AE 

COS/MOS 

503 

Notes 

Note 6 

presettable up/down counter 

CD4029AH 

COS/MOS 

517 

_ 

Notes 

presettable-up/down-counter chip 

CD4029AK 

COS/MOS 

503 

Notes 

Note 6 

presettable up/down counter 


A Dimensional outlines are shown following data charts, 
® Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Power (W), DC Current 

Prod. File Lead Voltage (V) Current* (A) or Transfer Ratio 

Type No. Line No. Package^ Code" (Note 1) Noise Figure (dB) or Frequency 


CD4030A/ 

COS/MOS 

737 

Note 5 

Note 6 

GD4030AD 

COS/MOS 

503 

Note 3 

Note 6 

CD4030AE 

COS/MOS 

503 

Note 3 

Note 6 

CD4030AF 

COS/MOS 

503 

Note 3 

Note 6 

CD4030AH 

COS/MOS 

503 

— 

Note 6 

CD4030AK 

COS/MOS 

503 

Note 3 

Note 6 

CD4031A/ 

COS/MOS 

738 

Note 5 

Note 6 

CD4031AD 

COS/MOS 

569 

Note 3 

Note 6 

CD4031AE 

COS/MOS 

569 

Note 3 

Note 6 

CD4031AH 

COS/MOS 

517 

— 

Note 6 

CD4031AK 

COS/MOS 

569 

Note 3 

Note 6 

CD4032A/ 

COS/MOS 

739 

Note 5 

Note 6 

CD4032AD 

COS/MOS 

503 

Note 3 

Note 6 

CD4032AE 

COS/MOS 

503 

Note 3 

Note 6 

CD4032AH 

COS/MOS 

517 

— 

Note 6 

CD4032AK 

COS/MOS 

503 

Note 3 

Note 6 

CD4033A/ 

COS/MOS 

733 

Notes 

Note 6 

CD4033AD 

COS/MOS 

503 

Note 3 

Note 6 

CD4033AE 

COS/MOS 

503 

Note 3 

Note 6 

CD4033AF 

COS/MOS 

503 

Note 3 

Note 6 

CD4033AH 

COS/MOS 

517 

_ 

Note 6 

CD4033AK 

COS/MOS 

503 

Note 3 

Note 6 

CD4034A/ 

COS/MOS 

740 

Notes 

Note 6 

CD4034AD 

COS/MOS 

575 

Note 3 

Note 6 

CD4034AE 

COS/MOS 

575 

Note 3 

Note 6 

CD4034AH 

COS/MOS 

517 

_ 

Note 6 

CD4034AK 

COS/MOS 

575 

Note 3 

Note 6 

CD4035A/ 

COS/MOS 

751 

Notes 

Note 6 

CD4035AD 

COS/MOS 

568 

Note 3 

Note 6 

CD4035AE 

COS/MOS 

568 

Note 3 

Note 6 

CD4035AH 

COS/MOS 

517 

_ 

Note 6 

CD4035AK 

COS/MOS 

568 

Note 3 

Note 6 

CD4036A/ 

COS/MOS 

517 

Notes 

Note 6 

CD4036AD 

COS/MOS 

613 

Note 3 

Note 6 

CD4036AE 

COS/MOS 

613 

Note 3 

Note 6 

CD4036AH 

COS/MOS 

517 

_ 

Note 6 

CD4036AK 

COS/MOS 

613 

Note 3 

Note 6 

CD4037AD 

COS/MOS 

576 

Notes 

Note 6 

CD4037AE 

COS/MOS 

576 

Notes 

Note 6 

CD4037AF 

COS/MOS 

576 

Notes 

Note 6 

CD4037AH 

COS/MOS 

517 

_ 

Note 6 

CD4037AK 

COS/MOS 

576 

Notes 

Note 6 

CD4038A/ 

COS/MOS 

739 

Note 5 

Note 6 

CD4038AD 

COS/MOS 

503 

Notes 

Note 6 

CD4038AE 

COS/MOS 

503 

Notes 

Note 6 


high-reliability quad exclusive-OR-gate 
quad exclusive-OR gate 
quad exclusive-OR gate 
quad exclusive-OR gate 
quad-exclusive-OR-gate chip 

quad exclusive-OR gate 
high-reliability 64-stage static shift register 
64-stage static shift register 
64-stage static shift register 
64-stage-static-shift-register chip 

64-stage static shift register 
high-reliability triple serial adder (positive 
logic) 

triple serial adder (positive logic) 
triple serial adder (positive logic) 
triple-serial-adder chip (positive logic) 

triple serial adder (positive logic) 
high-reliability decade counter/divider 
decade counter/divider 
decade counter/divider 
decade counter/divider 

decade-counter/divider chip 
decade counter/divider 

high-reliability MSI 8-stage static shift register 
MIS 8-stage static shift register 
MIS 8-stage static shift register 

MSI-8-stage-static-shift-register chip 
MIS 8-stage static shift register 
high-reliability 4-stage parallel in/out shift 
register 

4-stage parallel in/out shift register 
4-stage parallel in/out shift register 

4-stage-parallel-in/out-shift-register chip 
4-stage parallel in/out shift register 
high-reliability 4-word x 8-bit RAM (binary 
addressing) 

4-word X 8-bit RAM (binary addressing) 

4-word X 8-bit RAM (binary addressing) 

4-word X 8-bit-RAM chip (binary addressing) 
4-word X 8-bit RAM (binary addressing) 
triple AND-OR bi-phase pairs 
triple AND-OR bi-phase pairs 
triple-AND-OR-bi-phase-pairs 

triple-AND-OR-bi-phase-pairs chip 
triple AND-OR bi-phase pairs 
high-reliability triple serial adder (negative 
logic) 

triple serial adder (negative logic) 
triple serial adder (negative logic) 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont'd) 


Type No. 

Prod. 

Line 

File 

No. 

PackageA. 

Lead 

Code" 

Power (W), DC Current 

Voltage (V) Current* (A) or Transfer Ratio 

(Note 1) Noise Figure (dB) or Frequency 

CD4038AH 

COS/MOS 

517 

__ 

Note 6 

triple-serial-adder chip (negative logic) 

CD4038AK 

COS/MOS 

503 

Note 3 

Note 6 

triple serial adder (negative logic) 

CD4039A/ 

COS/MOS 

749 

Note 5 

Note 6 

high-reliability 4-word x 8-bit RAM (word 
addressing) 

CD4039AD 

COS/MOS 

613 

Note 3 

Note 6 

4-word X 8-bit RAM (word addressing) 

CD4039AH 

COS/MOS 

517 

— 

Note 6 

4-word X 8-bit-RAM chip (word addressing) 

CD4039AK 

COS/MOS 

613 

Note 3 

Note 6 

4-word X 8-bit RAM (word addressing) 

CD4040A/ 

COS/MOS 

748 

Note 5 

Note 6 

high-reliability 12-stage binary/ripple counter 

CD4040AD 

COS/MOS 

624 

Note 3 

Note 6 

12-stage binary/ripple counter 

CD4040AE 

COS/MOS 

624 

Note 3 

Note 6 

12-stage binary/ripple counter 

CD4040AF 

COS/MOS 

624 

Note 3 

Note 6 

12-stage binary/ripple counter 

CD4040AH 

COS/MOS 

517 

_ 

Note 6 

12-stage-binary/ripple-counter chip 

CD4040AK 

COS/MOS 

624 

Note 3 

Note 6 

12-stage binary/ripple counter 

CD4041A/ 

COS/MOS 

753 

Note 5 

Note 6 

high-reliability quad true/complement buffer 

CD4041AD 

COS/MOS 

572 

Note 3 

Note 6 

quad true/complement buffer 

CD4041AE 

COS/MOS 

572 

Note 3 

Note 6 

quad true/complement buffer 

CD4041AH 

COS/MOS 

517 

_ 

Note 6 

quad-true/complement-buffer chip 

CD4041AK 

COS/MOS 

572 

Note 3 

Note 6 

quad true/complement buffer 

CD4042A/ 

COS/MOS 

756 

Note 5 

Note 6 

high-reliability quad clocked “D” latch 

CD4042AD 

COS/MOS 

589 

Note 3 

Note 6 

quad clocked “D" latch 

CD4042AE 

COS/MOS 

589 

Note 3 

Note 6 

quad clocked "D” latch 

CD4042AF 

COS/MOS 

589 

Note 3 

Note 6 

quad clocked "D” latch 

CD4042AH 

COS/MOS 

517 

— 

Note 6 

quad-cIocked-“D'’-latch chip 

CD4042AK 

COS/MOS 

589 

Note 3 

Note 6 

quad clocked “D” latch 

CD4043A/ 

COS/MOS 

754 

Note 5 

Note 6 

high-reliability quad 3-state NOR R/S latch 

CD4043AD 

COS/MOS 

590 

Note 3 

Note 6 

quad 3-state NOR R/S latch 

CD4043AE 

COS/MOS 

590 

Note 3 

Note 6 

quad 3-state NOR R/S latch 

CD4043AH 

COS/MOS 

517 

— 

Note 6 

quad-3-state-NOR-R/S latch chip 

CD4043AK 

COS/MOS 

590 

Note 3 

Note 6 

quad 3-state NOR R/S latch 

CD4044A/ 

COS/MOS 

754 

Note 5 

Note 6 

high-reliability quad 3-state NAND R/S latch 

CD4044AD 

COS/MOS 

590 

Note 3 

Note 6 

quad 3-state NAND R/S latch 

CD4044AE 

COS/MOS 

590 

Note 3 

Note 6 

quad 3-state NAND R/S latch 

CD4044AH 

COS/MOS 

517 

— 

Note 6 

quad-3-state-NAND-R/S-latch chip 

CD4044AK 

COS/MOS 

590 

Note 3 

Note 6 

quad 3-state NAND R/S latch 

CD4045A/ 

COS/MOS 

755 

Note 5 

Note 6 

high-reliability 21-stage counter 

CD4045AD 

COS/MOS 

614 

Note 3 

Note 6 

21-stage counter 

CD4045AE 

COS/MOS 

614 

Note 3 

Note 6 

21-stage counter 

CD4045AH 

COS/MOS 

517 

— 

Note 6 

21-stage-counter chip 

CD4045AK 

COS/MOS 

614 

Note 3 

Note 6 

21-stage counter 

CD4046A/ 

COS/MOS 

752 

Note 5 

Note 6 

high-reliability micropower phase-locked loop 

CD4046AD 

COS/MOS 

637 

Notes 

Note 6 

micropower phase-locked loop 

CD4046AE 

COS/MOS 

637 

Notes 

Note 6 

micropower phase-locked loop 

CD4046AH 

COS/MOS 

517 

— 

Note 6 

micropower-phase-locked-loop chip 

CD4046AK 

COS/MOS 

637 

Notes 

Note 6 

micropower phase-locked loop 

CD4047A/ 

COS/MOS 

745 

Note 5 

Note 6 

high-reliability monostable/astable 
multivibrator 

CD4047AD 

COS/MOS 

623 

Notes 

Note 6 

monostable/astable multivibrator 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 



608 


RCA Solid-State Devices Manual 


Table LI—RCA Standard Solid-State Devices (cont'd) 


Type No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Code* 

Power (W), DC Current 

Voltage (V) Current* (A) or Transfer Ratio 

(Note 1} Noise Figure (dB) or Frequency 

CD4047AE 

COS/MOS 

623 

Note 3 

Note 6 

monostable/astable multivibrator 

CD4a47AH 

COS/MOS 

517 

— 

Note 6 

monostable/astable-multivibrator chip 

CD4047AK 

COS/MOS 

623 

Note 3 

Note 6 

monostable/astable multivibrator 

CD4048A/ 

COS/MOS 

747 

Note 5 

Note 6 

high-reliability expandable 8-input gate 

CD4048AD 

COS/MOS 

636 

Note 3 

Note 6 

expandable 8-input gate 

CD4048AE 

COS/MOS 

636 

Note 3 

Note 6 

expandable 8-input gate 

CD4048AH 

COS/MOS 

517 

— 

Note 6 

expandable-8input-gate chip 

CD4048AK 

COS/MOS 

636 

Note 3 

Note 6 

expandable 8-Input gate 

CD4049A/ 

COS/MOS 

746 

Note 5 

Note 6 

high-reliability hex buffer/converter (inverting) 

CD4049AD 

COS/MOS 

599 

Note 3 

Note 6 

hex buffer/converter (inverting) 

CD4049AE 

COS/MOS 

599 

Note 3 

Note 6 

hex buffer/converter (inverting) 

CD4049AF 

COS/MOS 

599 

Note 3 

Note 6 

hex buffer/converter (Inverting) 

CD4049AH 

COS/MOS 

517 

— 

Note 6 

hex-buffer/converter chip (inverting) 

CD4049AK 

COS/MOS 

599 

Note 3 

Note 6 

hex buffer/converter (Inverting) 

CD4050A/ 

COS/MOS 

746 

Notes 

Note 6 

high-reliability hex buffer/converter 
(non-inverting) 

CD4050AD 

COS/MOS 

599 

Note 3 

Note 6 

hex buffer/converter (non-inverting) 

CD4050AE 

COS/MOS 

599 

Note 3 

Note 6 

hex buffer/converter (non-inverting) 

CD4050AF 

COS/MOS 

599 

Note 3 

Note 6 

hex buffer/converter (non-inverting) 

CD4050AH 

COS/MOS 

517 

— 

Note 6 

hex-buffer/converter chip (non-inverting) 

CD4050AK 

COS/MOS 

599 

Note 3 

Note 6 

hex buffer/converter (non-inverting) 

CD4051AD 

COS/MOS 

Prel. 

Note 3 

Note 6 

single 8-channel multiplexer 

CD4051AE 

COS/MOS 

Prel. 

Note 3 

Note 6 

single 8-channel multiplexer 

CD4051AK 

COS/MOS 

Prel. 

Note 3 

Notes 

single 8-channel multiplexer 

CD4052AD 

COS/MOS 

Prel. 

Note 3 

Note 6 

differential 4-channel multiplexer 

CD4052AE 

COS/MOS 

Prel. 

Note 3 

Note 6 

differential 4-channel multiplexer 

CD4052AK 

COS/MOS 

Prel. 

Note 3 

Notes 

differential 4-channel multiplexer 

CD4053AD 

COS/MOS 

Prel. 

Note 3 

Notes 

triple 2-channel multiplexer 

CD4053AE 

COS/MOS 

Prel. 

Note 3 

Notes 

triple 2-channel multiplexer 

CD4053AK 

COS/MOS 

Prel. 

Note 3 

Notes 

triple 2-channel multiplexer 

CD4054AD 

COS/MOS 

634 

Note 3 

Notes 

4-line liquid-crystal display driver 

CD4054AE 

COS/MOS 

634 

Note 3 

Notes 

4-line liquid-crystal display driver 

CD4054AH 

COS/MOS 

517 

— 

Note 6 

4-line-liquid-crystal-display-driver chip 

CD4054AK 

COS/MOS 

634 

Note 3 

Note 6 

4-line liquid-crystal display driver 

CD4055AD 

COS/MOS 

634 

Note 3 

Notes 

BCD-7-segment decoder/driver 

CD4055AE 

COS/MOS 

634 

Note 3 

Notes 

BCD-7-segment decoder/driver 

CD4055AK 

COS/MOS 

634 

Note 3 

Notes 

BCD-7-segment decoder/driver 

CD4056AD 

COS/MOS 

634 

Note 3 

Note 6 

BCD-7-segment decoder/driver 

CD4056AE 

COS/MOS 

634 

Note 3 

Notes 

BCD-7-segment decoder/driver 

CD4056AH 

COS/MOS 

517 

— 

Note 6 

BCD-7-segment-decoder/driver chip 

CD4056AK 

COS/MOS 

634 

Note 3 

Note S 

BCD-7-segment decoder/driver 

CD4057AD 

COS/MOS 

635 

Note 3 

Notes 

LSI 4-bit arithmetic logic unit 

CD4057AH 

COS/MOS 

517 

— 

Note 6 

LSI-4-bit-arithmetic-logic-unit chip 
programmable divide-by-“N”counter 

CD4059AD 

COS/MOS 

Prel. 

Note 3 

Notes 

CD4060AE 

COS/MOS 

813 

Note 3 

Notes 

14-stage counter and oscillator 

CD4061AD 

COS/MOS 

768 

Note 3 

Notes 

25S-word x 1-bit static RAM 

CD4061AH 

COS/MOS 

768 

_ 

Note S 

256-word x 1-bit-static-RAM chip 

CD4062AK 

COS/MOS 

816 

Note 3 

Note 6 

200-stage dynamic shift register 

CD4062AT 

COS/MOS 

816 

Note 3 

Notes 

200-stage dynamic shift register 

CD4063BE 

COS/MOS 

805 

Note 3 

Notes 

4-bit magnitude comparator 

CD4066AD 

COS/MOS 

769 

Note 3 

Notes 

quad bilateral switch 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


DrpeNe. 

Prei. 

Liie 

File 

No. PackageA 

Lead 

Code" 

Power (W), 

Voltage (V) Current* (A) or 

(Note 1) Noise Figure (dB) 

DC Current 
Transfer Rati 
or Frequencj 

CD4066AE 

COS/MOS 

769 Note 3 

Note 6 

quad bilateral switch 


CD4066AH 

COS/MOS 

769 - 

Note 6 

quad-bilateral-switch chip 


CD4066AK 

COS/MOS 

769 Note 3 

Note 6 

quad bilateral switch 


CD4068AE 

COS/MOS 

Prel. Note 3 

Note 6 

8-input NAND gate 


CD4069AE 

COS/MOS 

Prel. Note 3 

Note 6 

hex inverter 



CD4071AE 

COS/MOS 

Prel. Note 3 

Note 6 

quad 2-, dual 4-, and triple 3-input OR gates 

CD4072AE 

COS/MOS 

Prel. Note 3 

Note 6 

quad 2-, dual 4-, 

and triple 3-input OR gates 

CD4073AE 

COS/MOS 

Prel. Note 3 

Note 6 

triple 3-, quad 2- 

and dual-4-input AND gates 

CD4075AE 

COS/MOS 

Prel. Note 3 

Note 6 

quad 2-, dual 4-, 

and triple 3-input OR gates 

CD4078AE 

COS/MOS 

Prel. Note 3 

Note 6 

8-input NOR gate 


CD4081AE 

COS/MOS 

Prel. Note 3 

Note 6 

triple 3-, quad 2-, and dual-4-input AND gates 

CD4082AE 

COS/MOS 

Prel. Note 3 

Note 6 

triple 3-, quad 2-, and dual4-input AND gates 

CD4085AE 

COS/MOS 

Prel. Note 3 

Note 6 

dual 2-wide, 2-input AND-OR invert gate 

CD4086AE 

COS/MOS 

Prel. Note 3 

Note 6 

expandable 4-wide 2-input AND-OR invert 

CD4093AE 

COS/MOS 

Prel. Note 3 

Note 6 

Schmitt trigger 



CD4514BO 

COS/MOS 

Prel. Note 3 

Note 6 

4-bit latch/4-to-16 line decoder 


CD4515BD 

COS/MOS 

Prel. Note 3 

Note 6 

4-bit latch/4-to-16 line decoder 


CD4518BE 

COS/MOS 

Prel. Note 3 

Note 6 

dual BCD up counter 


CD4520BE 

COS/MOS 

Prel. Note 3 

Note 6 

dual binary up counter 


CH2102 

PWR 

632 - 

— 

60 (VCEO) 

— 

50 min. 

CH2270 

PWR 

632 - 

_ 

45 (VcEo) 

_ 

50 min. 

CH2405 

PWR 

632 — 

— 

90 (VcEo) 

— 

50 min. 

CH3053 

PWR 

632 - 

— 

30 (VcEo) 

— 

50 min. 

CH3439 

PWR 

632 - 

— 

325 (VcEo) 

— 

30 min. 

CH3440 

PWR 

632 - 

— 

250 (VcEo) 

— 

30 min. 

CH4036 

PWR 

632 - 

_ 

-65 (VcEo) 

_ 

35 min. 

CH4037 

PWR 

632 - 

— 

-40 (VcEo) 

— 

35 min. 

CH5320 

PWR 

632 - 

— 

80 (VcEo) 

_ 

30 min. 

CH5321 

PWR 

632 - 

— 

55 (VcEo) 

_ 

30 min. 

CH5322 

PWR 

632 - 

— 

-80 (VcEo) 

— 

30 min. 

CH5323 

PWR 

632 - 

_ 

-55 (VcEo) 

_ 

30 min. 

CH5262 

PWR 

632 - 

— 

35 (VcEo) 

— 

30 min. 

CH6479 

PWR 

632 - 

_ 

40 (VcEo) 

_ 

40 min. 

D1201A 

RECT 

495 DO-15 

A 

100 

r (avg.) 

— 

D1201B 

RECT 

495 DO-15 

A 

200 

1* (avg.) 

— 

D1201D 

RECT 

495 DO-15 

A 

400 

1* (avg.) 

_ 

D1201F 

RECT 

495 DO-15 

A 

50 

r (avg.) 

_ 

D1201M 

RECT 

495 DO-15 

A 

600 

1* (avg.) 

_ 

D1201N 

RECT 

495 DO-15 

A 

800 

r (avg.) 

_ 

D1201P 

RECT 

495 DO-15 

A 

1000 

r (avg.) 

— 

D1300A 

RECT 

784 TO-KMod.) 

B 

100 

0-.25* (avg.) 

_ 

D1300B 

RECT 

784 TO-l(Mod.) 

B 

200 

0.25* (avg.) 

— 

D1300D 

RECT 

784 TO-l(Mod.) 

B 

400 

0.25* (avg.) 

_ 

D2101S 

RECT 

522 DO-1 

A 

700 

1* (avg.) 

_ 

D2103S 

RECT 

522 DO-1 

A 

700 

r (avg.) 

— 

D2103SF 

RECT 

522 DO-1 

A 

750 

1* (avg.) 

_ 

D2201A 

RECT 

629 DO-15 

A 

100 

1* (avg.) 

— 

D2201B 

RECT 

629 DO-15 

A 

200 

r (avg.) 

— 

D2201D 

RECT 

629 DO-15 

A 

400 

r (avg.) 

— 

D2201F 

RECT 

629 DO-15 

A 

50 

1* (avg.) 

— 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table III. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Code* 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Cu.'rent 
Transfer Ratio 
or Frequency 

)2201M 

RECT 

629 

DO-15 

A 

600 

r (avg.) 


32201N 

RECT 

629 

DO-15 

A 

800 

r (avg.) 

_ 

32406A 

RECT 

663 

DO-4 

A# 

100 

6* (avg.) 

_ 

}2406B 

RECT 

663 

DO-4 

A# 

200 

6* (avg.) 

_ 

D2406C 

RECT 

663 

DO-4 

A# 

300 

6* (avg.) 

— 

D2406D 

RECT 

663 

DO-4 

A# 

400 

6* (avg.) 

_ 

D2406F 

RECT 

663 

DO-4 

A# 

50 

6* (avg.) 

_ 

D2406M 

RECT 

663 

DO-4 

A# 

600 

6* (avg.) 

_ 

D2412A 

RECT 

664 

D04 

A# 

100 

12* (avg.) 

_ 

D2412B 

RECT 

664 

DO-4 

A# 

200 

12* (avg.) 

— 

D2412C 

RECT 

664 

DO-4 

A# 

300 

12* (avg.) 

_ 

D2412D 

RECT 

664 

DO-4 

A# 

400 

12* (avg.) 

_ 

D2412F 

RECT 

664 

D04 

A# 

50 

12* (avg.) 

__ 

D2412M 

RECT 

664 

DO-4 

A# 

600 

12* (avg.) 

_ 

D2520A 

RECT 

665 

DO-5 

A# 

100 

20* (avg.) 


D2520B 

RECT 

665 

DO-5 

A# 

200 

20* (avg.) 


D2520C 

RECT 

665 

DO-5 

A# 

300 

20* (avg.) 

_ 

D2520D 

RECT 

665 

DO-5 

A# 

400 

20* (avg.) 

— 

D2520F 

RECT 

665 

DO-5 

A# 

50 

20* (avg.) 

__ 

D2520M 

RECT 

665 

DO-5 

A# 

600 

20* (avg.) 

— 

D2540A 

RECT 

580 

DO-5 

A# 

100 

40* (avg.) 

__ 

D2540B 

RECT 

580 

DO-5 

A# 

200 

40* (avg.) 

_ 

D2540D 

RECT 

580 

DO-5 

A# 

400 

40* (avg.) 

_ 

D2540F 

RECT 

580 

DO-5 

A# 

50 

40* (avg.) 

_ 

D2540M 

RECT 

580 

DO-5 

A# 

600 

40* (avg.) 

— 

D2600EF 

RECT 

354 

DO-26 

B 

550 

1* (avg.) 


D2601A 

RECT 

723 

DO-26 

B 

100 

1* (avg.) 

_ 

D2601B 

RECT 

723 

DO-26 

B 

200 

1* (avg.) 

_ 

D2601D 

RECT 

723 

DO-26 

B 

400 

1* (avg.) 

_ 

D2601DF 

RECT 

354 

DO-26 

B 

450 

1* (avg.) 

— 

D2601EF 

RECT 

354 

DO-26 

B 

550 

1* (avg.) 


D2601F 

RECT 

723 

DO-26 

B 

50 

r (avg.) 


D2601IV1 

RECT 

723 

DO-26 

B 

600 

r (avl) 

_ 

D2601N 

RECT 

723 

DO-26 

B 

800 

1* (avg.) 

_ 

D3202U 

DIAC 

577 

DO-15 

A/B 

25-40 

2* (pk.) 

— 

D3202Y 

DIAC 

577 

DO-15 

A/B 

29-35 

2* (pk.) 


HC2000H 

HYB 

566 

RCA 

Note 6 

75 

35 

_ 

HC2500 

HYB 

681 

RCA 

Note 6 

75 

100 

_ 

JAN2N918 

RF 

— 

TO-72 

S 

6-15 (Vce) 

6(NF) 

60 MHz 

JAN2N1482 

PWR 

— 

TO-39, TO-5 

F 

100 

5 

35-100 

JAN2N1486 

PWR 

_ 

TO-8 

F 

100 

25 

35-100 

JAN2N1490 

PWR 

— 

TO-3 

D 

100 

75 

25-75 

JAN2N1493 

RF 

— 

TO-39 

F 

50 

0.5 

70 MHz 

JAN2N2016 

PWR 

— 

TO-36 

X 

130 

150 

15-50 

JAN2N2857 

RF 

— 

TO-72 

S 

6-15 (Vce) 

4.5 (NF) 

450 MHz 

JAN2N3055 

PWR 

_ 

TO-3 

D 

100 

115 

20-70 

JAN2N3375 

RF 

— 

TO-60 

E 

28 

3 

400 MHz 

JAN2N3439 

PWR 

— 

TO-5 

F 

450 

10 

40-160 

JAN2N3441 

PWR 

— 

TO-66 

D 

160 

25 

25-100 

JAN2N3442 

PWR 

— 

TO-3 

D 

160 

117 

20-70 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Code* 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Current 
Transfer Ratii 
or Frequency 

JAN2N3553 

RF 


TO-39 

F 

28 

2.5 

175 MHz 

JAN2N3585 

PWR 

_ 

TO-66 

D 

500 

2.5 

25-100 

JAN2N3772 

PWR 

_ 

TO-3 

D 

100 

150 

15-60 

JAN2N3866 

RF 

_ 

TO-39 

F 

28 

1 

400 MHz 

JAN2N4440 

RF 

_ 

TO-60 

E 

28 

5 

400 MHz 

JAN2N5038 

PWR 

_ 

TO-3 

D 

150 

140 

50-200 

JAN2N5071 

RF 

_ 

TO-60 

U 

24 

24 

76 MHz 

JAN2N5109 

RF 

_ 

TO-39 

F 

15 

3(NF) 

200 MHz 

JAN2N5416 

PWR 

_ 

TO-5 

F 

-350 

10 

30-120 

JAN2N5672 

PWR 

— 

TO-3 

D 

150 

140 

20-100 

JAN2N5840 

PWR 

_ 

TO-3 

D 

375 

100 

10-50 

JAN2N5918 

RF 

_ 

T0-216AA 

W 

28 

10 

400 MHz 

JAN2N6213 

PWR 

_ 

TO-66 

D 

-400 

35 

30-150 

JANTX2N1486 

PWR 

_ 

TO-8 

F 

100 

25 

35-100 

JANTX2N2857 

RF 

— 

TO-72 

S 

6-15 (Vce: 

) 4.5 (NF) 

450 MHz 

JANTX2N3055 

PWR 

_ 

TO-3 

D 

100 

115 

20-70 

JANTX2N3375 

RF 

_ 

TO-60 

E 

28 

3 

400 MHz 

JANTX2N3439 

PWR 

_ 

TO-5 

F 

450 

10 

40-160 

JANTX2N3441 

PWR 

_ 

TO-66 

D 

160 

25 

25-100 

JANTX2N3553 

RF 

— 

TO-39 

F 

28 

2.5 

175 MHz 

JANTX2N3585 

PWR 

_ 

TO-66 

D 

500 

2.5 

25-100 

JANTX2N4440 

RF 

_ 

TO-60 

E 

28 

5 

400 MHz 

JANTX2N5038 

PWR 

_ 

TO-3 

D 

150 

140 

50-200 

JANTX2N5071 

RF 

_ 

TO-60 

U 

24 

24 

76 MHz 

JANTX2N5109 

RF 

-- 

TO-39 

F 

15 

3(NF) 

200 MHz 

JANTX2N5416 

PWR 

_ 

TO-5 

F 

-350 

10 

30-120 

JANTX2N5672 

PWR 

_ 

TO-3 

D 

150 

140 

20-100 

JANTX2N5840 

PWR 

_ 

TO-3 

D 

375 

100 

10-50 

JANTX2N6213 ^PWR 

_ 

TO-66 

D 

-400 

35 

30-150 

JANTXV2N3375 

RF 

— 

TO-60 

E 

28 

3 

400 MHz 

JANTXV2N3553 

RF 

_ 

TO-39 

F 

28 

2.5 

175 MHz 

JANTXV2N4440 

RF 

— 

TO-60 

E 

28 

5 

400 MHz 

RCAlAOl 

PWR 

651 

TO-39 

F 

70 (VcEo) 

5 

40-200 

RCA1A02 

PWR 

651 

TO-39 

F 

—50 (VcEo) 

7 

30-200 

RCA1A03 

PWR 

651 

TO-39 

F 

95 

10 

70-300 

RCA1A04 

PWR 

651 

TO-39 

F 

-95 

10 

70-300 

RCA1A05 

PWR 

651 

TO-39 

F 

-75 

5 

50-250 

RCA1A06 

PWR 

651 

TO-39 

F 

75 

5 

50-250 

RCA1A07 

PWR 

651 

TO-39 

F 

50 

5 

50-250 

RCA1A08 

PWR 

651 

TO-39 

F 

-50 

7 

70-250 

RCA1A09 

PWR 

651 

TO-39 

F 

175 (VcEo) 

10 

?0-100 

RCAIAIO 

PWR 

651 

TO-39 

F 

-175 (VcEo) 

10 

10-250 

RCAlAll 

PWR 

651 

TO-39 

F 

175 (VcEo) 

10 

40-250 

RCA1A15 

PWR 

651 

TO-39 

F 

100 (VcEo) 

10 

20-100 

RCA1A16 

PWR 

651 

TO-39 

F 

-100 (VcEo) 

10 

40-250 

RCA1A17 

PWR 

651 

TO-39 

F 

90(Vceo) 

5 

40-200 

RCA1A18 

PWR 

651 

TO-39 

F 

10 (VcEo) 

7 

40-250 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

NO. 

Package^ 

Lead 

Codea 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Current 
Transfer Ratio 
or Frequency 

RCA1A19 

PWR 

651 

TO-39 

F 

-10 (VcEo) 

7 

40-250 

RCAlBOl 

PWR 

647 

TO-3 

D 

95 

115 

20-70 

RCA1B04 

PWR 

649 

TO-3 

D 

225 

150 

15-75 

RCA1B05 

PWR 

650 

TO-3 

D 

275 

150 

15-75 

RCA1B06 

PWR 

648 

TO-3 

D 

120 

150 

10-50 

RCA1B07 

PWR 

791 

TO-3 

D 

80 

100 

1000-15,000 

RCA1B08 

PWR 

791 

TO-3 

D 

-80 

100 

1000-15,000 

RCA1C03 

PWR 

652 

TO-220AB 

N 

120 

40 

50-250 

RCA1C04 

PWR 

652 

TO-220AB 

N 

-120 

40 

50-250 

RCA1C05 

PWR 

644 

TO-220AB. 

N 

60 

40 

20-120 

RCA1C06 

PWR 

644 

TO-220AB 

N 

-60 

40 

20-120 

RCA1C07 

PWR 

646 

T0-220AB 

H 

75 

75 

20-120 

RCA1C08 

PWR 

646 

TO-220AB 

N 

-75 

75 

20-120 

RCA1C09 

PWR 

645 

T0-220AB 

N 

75 

75 

20-120 

RCAICIO 

PWR 

642 

TO-220AB 

N 

40 

40 

50-250 

RCAlCll 

PWR 

642 

TO-220AB 

N 

-40 

40 

50-250 

RCA1C12 

PWR 

652 

T0-220AB 

N 

140 

40 

40-250 

RCA1C13 

PWR 

652 

TO-220AB 

N 

-140 

40 

40-250 

RCA1C14 

PWR 

643 

TO-220AB 

N 

60 

50 

20-70 

RCA1E02 

PWR 

653 

TO-66 

D 

200 

35 

30-150 

RCA1E03 

PWR 

653 

TO-66 

D 

-200 

35 

30-150 

RCA29 

PWR 

583 

TO-220AB 

N 

40 

30 

15-75 

RCA29A 

PWR 

583 

T0-220AB 

N 

60 

30 

15-75 

RCA29B 

PWR 

583 

TO-220AB 

N 

80 

30 

15-75 

RCA29C 

PWR 

583 

T0-220AB 

N 

100 

30 

15-75 

RCA29/SDH 

PWR 

792 

T0-220AB 

N 

40 

36 

40 min. 

RCA29A/SDH 

PWR 

792 

T0-220AB 

N 

60 

36 

40 min. 

RCA29B/SDH 

PWR 

792 

TO-220AB 

N 

80 

36 

40 min. 

RCA29C/SDH 

PWR 

792 

TO-220AB 

N 

100 

50 

40 min. 

RCA30 

PWR 

584 

TO-220AB 

N 

-40 

30 

15-75 

RCA30A 

PWR 

584 

TO-220AB 

N 

-60 

30 

15-75 

RCA30B 

PWR 

584 

T0-220AB 

N 

-80 

30 

15-75 

RCA30C 

PWR 

584 

TO-220AB 

N 

-100 

30 

15-75 

RCA31 

PWR 

585 

T0-220AB 

N 

40 

40 

10-50 

RCA31A 

PWR 

585 

T0-220AB 

N 

60 

40 

10-50 

RCA31B 

PWR 

585 

T0-220AB 

N 

80 

40 

10-50 

RCA31C 

PWR 

585 

T0-220AB 

N 

100 

40 

10-50 

RCA31/SDH 

PWR 

793 

TO-220AB 

N 

40 

36 

25 min. 

RCA31A/SDH 

PWR 

793 

T0-220AB 

N 

60 

36 

25 min. 

RCA31B/SDH 

PWR 

793 

T0-220AB 

N 

80 

36 

25 min. 

RCA31C/SDH 

PWR 

793 

TO-220AB 

N 

100 

50 

25 min. 

RCA32 

PWR 

586 

TO-220AB 

N 

-40 

40 

10-50 

RCA32A 

PWR 

586 

TO-220AB 

N 

-60 

40 

10-50 

RCA32B 

PWR 

586 

TO-220AB 

N 

-80 

40 

10-50 

RCA32C 

PWR 

586 

TO-220AB 

N 

-100 

40 

10-50 

RCA41 

PWR 

587 

TO-220AB 

N 

40 

65 

15-75 

RCA41A 

PWR 

587 

TO-220AB 

N 

60 

65 

15-75 

RCA41B 

PWR 

587 

TO-220AB 

N 

80 

65 

15-75 

RCA41C 

PWR 

587 

TO-220AB 

N 

100 

65 

15-75 

RCA41/SDH 

PWR 

794 

TO-220AB 

N 

40 

75 

30 min. 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Code" 

Voltage (V) 
(Note 1) 

Power (W), DC Current 

Current* (A) or Transfer Ratio 
Noise Figure (dB) or Frequency 

RCA41A/SDH 

PWR 

794 

TO-220AB 

N 

60 

75 

30 min. 

RCAIB/SDH 

PWR 

794 

T0-220AB 

N 

80 

75 

30 min. 

RCA42 

PWR 

588 

TO-220AB 

N 

-40 

65 

15-75 

RCA42A 

PWR 

588 

TO-220AB 

N 

-60 

65 

15-75 

RCA42B 

PWR 

588 

TO-220AB 

N 

-80 

65 

15^75 

RCA42C 

PWR 

588 

TO-220AB 

N 

-100 

65 

15-75 

RCA120 

PWR 

840 

TO-220AB 

N 

60 

60 

1000 min. 

RCA121 

PWR 

840 

TO-220AB 

N 

80 

60 

1000 min. 

RCA122 

PWR 

840 

TO-220AB 

N 

100 

60 

1000 min. 

RCA125 

PWR 

841 

TO-220AB 

N 

-60 

60 

1000 min. 

RCA126 

PWR 

841 

TO-220AB 

N 

-80 

60 

1000 min. 

RCA410 

PWR 

509 

TO-3 

D 

200 

125 

30-90 

RCA411 

PWR 

510 

TO-3 

D 

300 

125 

30-90 

RCA413 

PWR 

511 

TO-3 

D 

400 

125 

20-80 

RCA423 

PWR 

512 

TO-3 

D 

400 

125 

30-90 

RCA431 

PWR 

513 

TO-3 

D 

400 

125 

15-35 

RCAIOOO 

PWR 

594 

TO-3 

D 

60 

90 

1000 min. 

RCAlOOl 

PWR 

594 

TO-3 

D 

80 

90 

1000 min. 

RCA2001 

RF 

759 

RCA HF-46 

T 

28 

1 

2 GHz 

RCA2310 

RF 

765 

RCA HF-46 

T 

24 

10 

2.3 GHz 

RCA3054 

PWR 

618 

TO-220AB 

N 

90 

36 

25-100 

RCA3055 

PWR 

618 

TO-220AB 

N 

100 

75 

20-70 

RCA3441 

PWR 

666 

TO-220AB 

N 

160 

36 

20-150 

RCA6263 

PWR 

666 

T0-220AB 

N 

140 

36 

20-150 

RCA8203 

PWR 

835 

TO-220AB 

N 

-40 

60 

1000-20,000 

RCA8203A 

PWR 

835 

T0-220AB 

N 

-60 

60 

1000-20,000 

RCA8203B 

PWR 

835 

T0-220AB 

N 

-80 

60 

1000-20,000 

RCA8350 

PWR 

861 

TO-3 

D 

-40 

70 

1000-20,000 

RCA8350A 

PWR 

861 

TO-3 

D 

-60 

70 

1000-20,000 

RCA8350B 

PWR 

861 

TO-3 

D 

-80 

70 

1000-20,000 

RCPlllA 

PWR 

822 

Plastic 

F 

200 

6.25 

50-300 

RCPlllB 

PWR 

822 

Plastic 

F 

250 

6.25 

50-300 

RCPlllC 

PWR 

822 

Plastic 

F 

300 

6.25 

50-300 

RCPlllD 

PWR 

822 

Plastic 

F 

350 

6.25 

50-300 

RCP113A 

PWR 

822 

Plastic 

F 

200 

6.25 

30-150 

RCP113B 

PWR 

822 

Plastic 

F 

250 

6.25 

30-150 

RCP113C 

PWR 

822 

Plastic 

F 

300 

6.25 

30-150 

RCP113D 

PWR 

822 

Plastic 

F 

350 

6.25 

30-150 

RCP115 

PWR 

822 

Plastic 

F 

100 

6.25 

50 min. 

RCP115B 

PWR 

822 

Plastic 

F 

250 

6.25 

50 min. 

RCP117 

PWR 

822 

Plastic 

F 

100 

6.25 

20 min. 

RCP117B 

PWR 

822 

Plastic 

F 

250 

6.25 

20 min. 

RCP700A 

PWR 

821 

Plastic 

F 

-55 

10 

,50-250 

RCP700B 

PWR 

821 

Plastic 

F 

-85 

10 

50-250 

RCP700C 

PWR 

821 

Plastic 

F 

-105 

10 

50-250 

RCP700D 

PWR 

821 

Plastic 

F 

-125 

10 

50-250 

RCP701A 

PWR 

820 

Plastic 

F 

55 

10 

50-250 

RCP701B 

PWR 

820 

Plastic 

F 

85 

10 

50-250 

RCP701C 

PWR 

820 

Plastic 

F 

105 

10 

50-250 

RCP701D 

PWR 

820 

Plastic 

F 

125 

10 

50-250 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

Package^ 

Lead 

Code* 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Current 
Transfer Ratio 
or Frequency 

RCP702A 

PWR 

821 

Plastic 

F 

-55 

10 

50-150 

RCP702B 

PWR 

821 

Plastic 

F 

-80 

10 

30-150 

RCP702C 

PWR 

821 

Plastic 

F 

-105 

10 

30-150 

RCP702D 

PWR 

821 

Plastic 

F 

-.125 

10 

30-150 

RGP703A 

PWR 

820 

Plastic 

F 

55 

10 

30-150 

RCP703B 

PWR 

820 

Plastic 

F 

85 

10 

30-150 

RCP703C 

PWR 

820 

Plastic 

F 

105 

10 

30-150 

RCP703D 

PWR 

820 

Plastic 

F 

125 

10 

30-150 

RCP704 

PWR 

821 

Plastic 

F 

-45 

10 

30-150 

RCP704B 

PWR 

821 

Plastic 

F 

-85 

10 

50 min. 

RCP705 

PWR 

820 

Plastic 

F 

45 

10 

50 min. 

RCP705B 

PWR 

820 

Plastic 

F 

85 

10 

50 min. 

RCP706 

PWR 

821 

Plastic 

F 

-45 

10 

20 min. 

RCP706B 

PWR 

821 

Plastic 

F 

-85 

10 

20 min. 

RCP707 

PWR 

820 

Plastic 

F 

45 

10 

20 min. 

RCP707B 

PWR 

820 

Plastic 

F 

85 

10 

20 min. 

RCS242 

PWR 

778 

TO-3 

0 

50 

115 

20 min. 

RCS559 

PWR 

782 

TO-66 

D 

-275 

35 

10-100 

RCS560 

PWR 

782 

TO-66 

0 

-250 

35 

7.5 min. 

RCS564 

PWR 

779 

TO-3 

0 

300 

175 

5 min. 

RCS880 

PWR 

111 

TO-39 

0 

-150* 

0.75 

20-150 

RCS881 

PWR 

780 

TO-39 

D 

-250 

0.75 

20 min. 

RCS882 

PWR 

781 

TO-39 

D 

-350 

7.5 

20 min. 

S2060A 

SCR 

654 

T0-220AB 

H 

100 

4* (rms) 

— 

S2060B 

SCR 

654 

TO-220AB 

H 

200 

4*(rms) 

— 

S2060C 

SCR 

654 

TO-220AB 

H 

300 

4* (rms) 

— 

S2060D 

SCR 

654 

T0-220AB 

H 

400 

4* (rms) 

— 

S2060E 

SCR 

654 

TO-220AB 

H 

500 

4* (rms) 

— 

S2060F 

SCR 

654 

TO-220AB 

H 

50 

4* (rms) 

— 

S2060M 

SCR 

654 

T0-220AB 

H 

600 

4* (rms) 

— 

S2060Q 

SCR 

654 

TO-220AB 

H 

15 

4* (rms) 

— 

S2060Y 

SCR 

654 

T0-220AB 

H 

30 

4* (rms) 

__ 

S2061A 

SCR 

654 

TO-220AB 

H 

100 

4* (rms) 

— 

S2061B 

SCR 

654 

T0-220AB 

H 

200 

4* (rms) 

— 

S2061C 

SCR 

654 

TO-220AB 

H 

300 

4* (rms) 

_ 

S2061D 

SCR 

654 

TO-220AB 

H 

400 

4* (rms) 

— 

S2061E 

SCR 

654 

TO-220AB 

H 

500 

4* (rms) 

— 

S2061F 

SCR 

654 

TO-220AB 

H 

50 

4* (rms) 

— 

S2061M 

SCR 

654 

TO-220AB 

H 

600 

4* (rms) 

— 

S2061Q 

SCR 

654 

TO-220AB 

H 

15 

4* (rms) 

— 

S2061Y 

SCR 

654 

TO-220AB 

H 

30 

4* (rms) 

— 

S2062A 

SCR 

654 

T0-220AB 

H 

100 

4* (rms) 

— 

S2062B 

SCR 

654 

TO-220AB 

H 

200 

4* (rms) 

— 

S2062C 

SCR 

654 

TO-220AB 

H 

300 

4* (rms) 

— 

S2062D 

SCR 

654 

TO-220AB 

H 

400 

4* (rms) 

— 

S2062E 

SCR 

654 

TO-220AB 

H 

500 

4* (rms) 

— 

S2062F 

SCR 

654 

TO-220AB 

H 

60 

4* (rms) 

— 

S2062M 

SCR 

654 

TO-220AB 

H 

600 

4* (rms) 

— 

S2062Q 

SCR 

654 

TO-220AB 

H 

15 

4* (rms) 

— 

S2062Y 

SCR 

654 

TO-220AB 

H 

30 

4* (rms) 

— 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Power (W), DC Current 
Voltage (V) Current* (A) or Transfer Rati 
(Note 1) Noise Figure (dB) or Frequencj 


S2400A 

S2400B 

S2400D 

S2400M 

S2600B 


SCR 

567 

TO-8 

K 

100 

SCR 

567 

TO-8 

K 

200 

SCR 

567 

TO-8 

K 

400 

SCR 

567 

TO-8 

K 

600 

SCR 

496 

TO-5 (Mod.) 

K 

200 


4.5* (rms) 
4.5* (rms) 
4.5* (rms) 
4.5* (rms) 
7* (rms) 


S2600D 

SCR 

496 

TO-5 (Mod.) 

K 

400 

S2600M 

SCR 

496 

TO-5 (Mod.) 

K 

600 

S2610B 

SCR 

496 

Radiator 

K 

200 

S2610D 

SCR 

496 

Radiator 

K 

400 

S2610M 

SCR 

496 

Radiator 

K 

600 


7* (rms) 
7* (rms) 
3.3* (rms) 
3.3* (rms) 
3.3* (rms) 


S2620B SCR 496 Heat Spdr. K 200 L W ” 

S2620D SCR 496 Heat Spdr. K 400 7 rms — 

S2620M SCR 496 Heat Spdr. K 600 7 rms - 

S2710B SCR 266 Radiator 1 200 1.7 rms — 

S2710D SCR 266 Radiator 1 400 1.7 (rms) — 


S2710M 

S2800A 

S2800B 

S2800D 

S3700B 


SCR 

266 

Radiator 

1 

600 

SC.R 

501 

TO-220AB 

Q 

100 

SCR 

501 

TO-220AB 

Q 

200 

SCR 

501 

TO-220AB 

Q 

400 

SCR 

306 

TO-66 

1 

200 


1.7* (rms) 
8* (rms) 
8* (rms) 
8* (rms) 
5* (rms) 


S3700D 

SCR 

306 

TO-66 

S3700M 

SCR 

306 

TO-66 

S3701M 

SCR 

476 

TO-66 

S3702SF 

SCR 

522 

TO-66 

S3703SF 

SCR 

522 

TO-66 

S3704A 

SCR 

690 

TO-66 

S3704B 

SCR 

690 

TO-66 

S3704D 

SCR 

690 

TO-66 

S3704M 

SCR 

690 

TO-66 

S3704S 

SCR 

690 

TO-66 

S3705M 

SCR 

354 

TO-66 

S3706M 

SCR 

354 

TO-66 

S3714A 

SCR 

690 

Radiator 

S3714B 

SCR 

690 

Radiator 

S3714D 

SCR 

690 

Radiator 

S3714M 

SCR 

690 

Radiator 

S3714S 

SCR 

690 

Radiator 

S3800D 

ITR 

639 

TO-66 

S3800E 

ITR 

639 

TO-66 

S3800EF 

ITR 

639 

TO-66 

S3800M 

ITR 

639 

TO-66 

S3800MF 

ITR 

639 

TO-66 

S3800S 

ITR 

639 

TO-66 

S3800SF 

ITR 

639 

TO-66 

S5210B 

SCR 

757 

Stud 

S5210D 

SCR 

757 

Stud 

S5210M 

SCR 

757 

Stud 

S6200A 

SCR 

418 

Press-fit 

S6200B 

SCR 

418 

Press-fit 

S6200D 

SCR 

418 

Press-fit 


400 

5* (rms) 

— 

600 

5* (rms) 

— 

600 

5* (rms) 

— 

750 

5* (rms) 

— 

750 

5* (rms) 

— 

100 

5* (rms) 

— 

200 

5* (rms) 

— 

400 

5* (rms) 

— 

600 

5* (rms) 

— 

700 

5* (rms) 

— 

600 

5* (rms) 

— 

600 

5* (rms) 

— 

100 

5* (rms) 

— 

200 

5* (rms) 

— 

400 

5* (rms) 

— 

600 

5* (rms) 

— 

700 

5* (rms) 

— 

400 

5* (rms) 

— 

500 

5* (rms) 

— 

550 

5* (rms) 

— 

600 

5* (rms) 

— 

650 

5* (rms) 

— 

700 

5* (rms) 

— 

750 

5* (rms) 

— 

200 

10* (rms) 

— 

400 

10* (rms) 

— 

600 

10* (rms) 

— 

100 

20* (rms) 

— 

200 

20* (rms) 

— 

400 

20* (rms) 

— 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Codea 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Current 
Transfer Ratio 
or Frequency 

S6200M 

SCR 

418 

Press-fit 

1 

600 

20* (rms) 


S6210A 

SCR 

418 

Stud 

1 

100 

20* (rms) 


S6210B 

SCR 

418 

Stud 

1 

200 

20* (rms) 

_ 

S6210D 

SCR 

418 

Stud 

1 

400 

20* (rms) 

_ 

S6210M 

SCR 

418 

Stud 

1 

600 

20* (rms) 

— 

S6220A 

SCR 

418 

Iso. stud 

1 

100 

20* (rms) 


S6220B 

SCR 

418 

Iso. Stud 

1 

200 

20* (rms) 

_ 

S6220D 

SCR 

418 

Iso. Stud 

1 

400 

20* (rms) 

_ 

S6220IV! 

SCR 

418 

Iso. Stud 

1 

600 

20* (rms) 

_ 

S6400N 

SCR 

578 

Press-fit 

1 

800 

35* (rms) 

— 

S6410N 

SCR 

578 

Stud 

1 

800 

35* (rms) 


S6420A 

SCR 

578 

Iso. Stud 

1 

100 

35* (rms) 

_ 

S6420B 

SCR 

578 

Iso. Stud 

1 

200 

35* (rms) 

_ 

S6420D 

SCR 

578 

Iso. Stud 

1 

400 

35* (rms) 

_ 

S6420M 

SCR 

578 

Iso. Stud 

1 

600 

35* (rms) 

— 

S6420N 

SCR 

578 

Iso. Stud 

I 

800 

35* (rms) 

__ 

S6431M 

SCR 

247 

TO-48 

1 

600 

35* (rms) 

_ 

S7430M 

SCR 

408 

TO-48 

1 

600 

35* (rms) 

_ 

S7432IVI 

SCR 

724 

TO-48 

1 

600 

35* (rms) 

_ 

T2300A 

TRI 

470 

TO-5 (Mod.) 

L 

100 

2.5* (rms) 

— 

T2300B 

TRI 

470 

TO-5 (Mod.) 

L 

200 

2.5* (rms) 

_ 

T2300D 

TRI 

470 

TO-5 (Mod.) 

L 

400 

2.5* (rms) 

_ 

T2301A 

TRI 

431 

TO-5 (Mod.) 

L 

100 

2.5* (rms) 

_ 

T2301B 

TRI 

431 

TO-5 (Mod.) 

L 

200 

2.5* (rms) 

_ 

T2301D 

TRI 

431 

TO-5 (Mod.) 

L 

400 

2.5* (rms) 

— 

T2302A 

TRI 

470 

TO-5 (Mod.) 

L 

100 

2.5* (rms) 

_ 

T2302B 

TRI 

470 

TO-5 (Mod.) 

L 

200 

2.5* (rms) 

_ 

T2302D 

TRI 

470 

TO-5 (Mod.) 

L 

400 

2.5* (rms) 

— 

T2304B 

TRI 

441 

TO-5 (Mod.) 

L 

200 

0.5* (rms) 

_ 

T2304D 

TRI 

441 

TO-5 (Mod.) 

L 

400 

0.5* (rms) 

— 

T2305B 

TRI 

441 

TO-5 (Mod.) 

L 

200 

0.5* (rms) 

_ 

T2305D 

TRI 

441 

TO-5 (Mod.) 

L 

400 

0.5* (rms) 

_ 

T2306A 

TRI 

406 

Radiator 

L 

100 

2.5* (rms) 

_ 

T2306B 

TRI 

406 

TO-5 (Mod.) 

L 

200 

2.5* (rms) 

_ 

T2306D 

TRI 

406 

TO-5 (Mod.) 

L 

400 

2.5* (rms) 

— 

T2310A 

TRI 

470 

Radiator 

L 

100 

1.6* (rms) 

_ 

T2310B 

TRI 

470 

Radiator 

L 

200 

1.6* (rms) 

_ 

T2310D 

TRI 

470 

Radiator 

L 

400 

1.6* (rms) 

_ 

T2311A 

TRI 

431 

Radiator 

L 

100 

1.6* (rms) 

_ 

T2311B 

TRI 

431 

Radiator 

L 

200 

1.6* (rms) 

— 

T2311D 

TRI 

431 

Radiator 

L 

400 

1.6* (rms) 

_ 

T2312A 

TRI 

470 

Radiator 

L 

100 

1.9* (rms) 

_ 

T2312B 

TRI 

470 

Radiator 

L 

200 

1.9* (rms) 

_ 

T2312D 

TRI 

470 

Radiator 

L 

400 

1.9* (rms) 

— 

T2313A 

TRI 

414 

Radiator 

L 

100 

1.9* (rms) 

— 

T2313B 

TRI 

414 

Radiator 

L 

200 

1.9* (rms) 

_ 

T2313D 

TRI 

414 

Radiator 

L 

400 

1.9* (rms) 

_ 

T2313M 

TRI 

414 

Radiator 

L 

600 

1.9* (rms) 

_ 

T2316A 

TRI 

406 

Radiator 

L 

100 

2.5* (rms) 

_ 

T2316B 

TRI 

406 

Radiator 

L 

200 

2.5* (rms) 

— 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lil. 

See Notes on page 619. 



Guide To RCA Solid-State Products 


617 


Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

Package^ 

Lead 

Codea 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Current 
Transfer Ratio 
or Frequency 

T2316D 

TRI 

406 

Radiator 

L 

400 

2.5* (rms) 

— 

T2500B 

TRI 

615 

T0-220AB 

Z 

200 

6* (rms) 

— 

T2500D 

TRI 

615 

TO-220AB 

Z 

400 

6* (rms) 

— 

T2700B 

TRI 

351 

TO-66 

J 

200 

6* (rms) 

— 

T2700D 

TRI 

351 

TO-66 

J 

400 

6* (rms) 

— 

T2706B 

TRI 

406 

TO-66 

J 

200 

6* (rms) 

— 

T2706D 

TRI 

406 

TO-66 

J 

400 

6* (rms) 

— 

T2710B 

TRI 

351 

Radiator 

J 

200 

3.3* (rms) 

— 

T2710D 

TRI 

351 

Radiator 

J 

400 

3.3* (rms) 

— 

T2716B 

TRI 

406 

Radiator 

J 

200 

3.3* (rms) 

— 

T2716D 

TRI 

406 

Radiator 

J 

400 

3.3* (rms) 

_ 

T2800B 

TRI 

364 

TO-220AB 

Z 

200 

8* (rms) 

— 

T2800D 

TRI 

364 

TO-220AB 

z 

400 

8* (rms) 

— 

T2800M 

TRI 

364 

TO-220AB 

z 

600 

8* (rms) 

— 

T2801DF 

TRI 

493 

T0-220AB 

z 

450 

6* (rms) 

— 

T2806B 

TRI 

406 

TO-220AB 

z 

200 

8* (rms) 

— 

T2806D 

TRI 

406 

TO-220AB 

z 

400 

8* (rms) 

— 

T2850A 

TRI 

540 

TO-220AB 

Za 

100 

8* (rms) 

— 

T2850B 

TRI 

540 

T0-220AB 

Za 

200 

8* (rms) 

— 

T2850D 

TRI 

540 

T0-220AB 

Za 

400 

8* (rms) 

— 

T4100M 

TRI 

458 

Press-fit 

J 

600 

15* (rms) 

_ 

T4101M 

TRI 

457 

Press-fit 

J 

600 

10* (rms) 

— 

T4103B 

TRI 

443 

Press-fit 

J 

200 

15* (rms) 

— 

T4103D 

TRI 

443 

Press-fit 

J 

400 

15* (rms) 

— 

T4104B 

TRI 

443 

Press-fit 

J 

200 

10* (rms) 

— 

T4104D 

TRI 

443 

Press-fit 

J 

400 

10* (rms) 

— 

T41Q5B 

TRI 

443 

Press-fit 

J 

200 

6* (rms) 

— 

T4105D 

TRI 

443 

Press-fit 

J 

400 

6* (rms) 

— 

T4106B 

TRI 

406 

Press-fit 

J 

200 

15* (rms) 

— 

T4106D 

TRI 

406 

Press-fit 

J 

400 

15* (rms) 

— 

T4107B 

TRI 

406 

Press-fit 

J 

200 

10* (rms) 

— 

T4107D 

TRI 

406 

Press-fit 

J 

400 

10* (rms) 

— 

T4110M 

TRI 

458 

Stud 

J 

600 

15* (rms) 

— 

T4111M 

TRI 

457 

Stud 

J 

600 

10* (rms) 

— 

T4113B 

TRI 

443 

Stud 

J 

200 

15* (rms) 

— 

T4113D 

TRI 

443 

Stud 

J 

400 

15* (rms) 

— 

T4114B 

TRI 

443 

Stud 

J 

200 

10* (rms) 

— 

T4114D 

TRI 

443 

Stud 

J 

400 

10* (rms) 

— 

T4115B 

TRI 

443 

Stud 

J 

200 

6* (rms) 

— 

T4115D 

TRI 

443 

Stud 

J 

400 

6* (rms) 

— 

T4116B 

TRI 

406 

Stud 

J 

200 

15* (rms) 

— 

T4116D 

TRI 

406 

Stud 

J 

400 

15* (rms) 

— 

T4117B 

TRI 

406 

Stud 

J 

200 

10* (rms) 

— 

T4117D 

TRI 

406 

Stud 

J 

400 

10* (rms) 

— 

T4120B 

TRI 

458 

Iso. Stud 

J 

200 

15* (rms) 

— 

T4120D 

TRI 

458 

Iso. Stud 

J 

400 

15* (rms) 

— 

T4120M 

TRI 

458 

Iso. Stud 

J 

600 

15* (rms) 

— 

T4121B 

TRI 

457 

Iso. Stud 

J 

200 

10* (rms) 

— 

T4121D 

TRI 

457 

Iso. Stud 

J 

400 

10* (rms) 

— 

T4121M 

TRI 

457 

Iso. Stud 

J 

600 

10* (rms) 

— 


A Dimensional outlines are shown following data charts. 
■ Lead codes are explained in Table Lil. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

Lead Voltage (V) 

PackageA code* (Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Current 
Transfer Ratio 
or Frequency 

T4700B 

TRI 

300 

TO-66 J 

200 

15* (rms) 


T4700D 

TRI 

300 

TO-66 J 

400 

15* (rms) 

_ 

T4706B 

TRI 

406 

TO-66 J 

200 

15* (rms) 


T4706D 

TRI 

406 

TO-66 J 

400 

15* (rms) 


T6400N 

TRI 

593 

Press-fit J 

800 

40* (rms) 

— 

T6401B 

TRI 

459 

Press-fit J 

200 

30* (rms) 


T6401D 

TRI 

459 

Press-fit J 

400 

30* (rms) 

_ 

T6401M 

TRI 

459 

Press-fit J 

600 

30* (rms) 

_ 

T6404B 

TRI 

487 

Press-fit J 

200 

40* (rms) 

_ 

T6404D 

TRI 

487 

Press-fit J 

400 

40* (rms) 

— 

T6405B 

TRI 

487 

Press-fit J 

200 

25* (rms) 


T6405D 

TRI 

487 

Press-fit J 

400 

25* (rms) 

_ 

T6406B 

TRI 

406 

Press-fit J 

200 

40* (rms) 

_ 

T6406D 

TRI 

406 

Press-fit J 

400 

40* (rms) 

_ 

T6406M 

TRI 

406 

Press-fit J 

600 

40* (rms) 

— 

T6407B 

TRI 

406 

Press-fit J 

200 

30* (rms) 


T6407D 

TRI 

406 

Press-fit J 

400 

30* (rms) 


T6407M 

TRI 

406 

Press-fit J 

600 

30* (rms) 


T6410N 

TRI 

593 

Stud J 

800 

40* (rms) 


T6411B 

TRI 

459 

Stud J 

200 

30* (rms) 

— 

T6411D 

TRI 

459 

Stud J 

400 

30* (rms) 


T6411M 

TRI 

459 

Stud J 

600 

30* (rms) 

_ 

T6414B 

TRI 

487 

Stud J 

200 

40* (rms) 

_ 

T6414D 

TRI 

487 

Stud J 

400 

40* (rms) 

_ 

T6415B 

TRI 

487 

stud J 

200 

25* (rms) 

— 

T6415D 

TRI 

487 

Stud J 

400 

25* (rms) 


T6416B 

TRI 

406 

Stud J 

200 

40* (rms) 

_ 

T6416D 

TRI 

406 

Stud J 

400 

40* (rms) 

_ 

T6416M 

TRI 

406 

Stud J 

600 

40* (rms) 

_ 

T6417B 

TRI 

406 

Stud J 

200 

30* (rms) 

— 

T6417D 

TRI 

406 

Stud J 

400 

30* (rms) 


T6417M 

TRI 

406 

Stud J 

600 

30* (rms) 

_ 

T6420B 

TRI 

593 

iso. Stud J 

200 

40* (rms) 

_ 

T6420D 

TRI 

593 

iso. Stud J 

400 

40* (rms) 

_ 

T6420M 

TRI 

593 

Iso. Stud J 

600 

40* (rms) 

_ 

T6420N 

TRI 

593 

iso. Stud j 

800 

40* (rms) 


T6421B 

TRI 

459 

Iso. Stud J 

200 

30* (rms) 

_ 

T6421D 

TRI 

459 

Iso. Stud J 

400 

30* (rms) 

_ 

T6421M 

TRI 

459 

iso. Stud J 

600 

30* (rms) 

___ 

T8401B 

TRI 

725 

Press-fit * J 

200 

60* (rms) 

— 

T8401D 

TRI 

725 

Press-fit + J 

400 

60* (rms) 


T8401M 

TRI 

725 

Press-fit + J 

600 

60* (rms) 


T8411B 

TRI 

725 

Stud + J 

200 

60* (rms) 


T8411D 

TRI 

725 

Stud * J 

400 

60* (rms) 


T8411M 

TRI 

725 

Stud + J 

600 

60* (rms) 

— 

T8421B 

TRI 

725 

Iso. stud * J 

200 

60* (rms) 


T8421D 

TRI 

725 

Iso. Stud * J 

400 

60* (rms) 


T8421M 

TRI 

725 

Iso. Stud J 

600 

60* (rms) 


T8430B 

TRI 

549 

Press-fit J 

200 

80* (rms) 


T8430D 

TRI 

549 

Press-fit J 

400 

80* (rms) 

— 


+ Flyiiifir leads 

A Dimensional outlines are shown following data charts. 
« Lead codes are explained in Table Lll. 

See Notes on page 619. 
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Table LI—RCA Standard Solid-State Devices (cont’d) 


Type No. 

Prod. 

Line 

File 

No. 

PackageA 

Lead 

Code" 

Voltage (V) 
(Note 1) 

Power (W), 
Current* (A) or 
Noise Figure (dB) 

DC Current 
Transfer Ratio 
or Frequency 

T8430M 

TRI 

549 

Press-fit 

J 

600 

80* (rms) 


T8440B 

TRI 

549 

Stud 

J 

200 

80* (rms) 

— 

T8440D 

TRI 

549 

Stud 

J 

400 

80* (rms) 

_ 

T8440M 

TRI 

549 

Stud 

J 

600 

80* (rms) 

_ 

T8450B 

TRI 

549 

Iso. Stud 

J 

200 

80* (rms) 

— 

T8450D 

TRI 

549 

Iso. Stud 

J 

400 

80* (rms) 

— 

T8450M 

TRI 

549 

Iso. Stud 

J 

600 

80* (rms) 



A Dimensional outlines are shown folio win jr data charts. 
■ Lead codes are explained in Table LII. 

. See NOTES below. 


NOTES for Table LI: 

(1) Voltagre shown is Vcbo for power transistors, Vcc for rf transistors, Vds for MOS/ 
FET*8, Vorom for thyristors, or Vrrm for diodes or rectifiers. Any exceptions are 
noted in the table. 

<2) Power shown is power dissipation (Px) for power transistors, or output power (Pob 
or Pob) for rf transistors. 

(3) Integrrated-circuit packacres are designated by the last letter of the type number. The 
package type corresponding to each letter is shown in Fig. 703. 

(4) High-reliability linear integrated circuits are supplied in hermetic packages in con¬ 
formance with MIL-STD-883. Refer to the data bulletin for package details. 

(5) All RCA high-reliability COS/MOS integrated circuits are available in dual-in-line 
and flat-pack ceramic packages, except the CD4061/ . . . , whfch are supplied only 
in the dual-in-line package. Package details are shown on the data bulletins. 

(6) Terminal connections, together with package details, are shown on the data bulletins. 


Table LII—Lead Codes 


Lead 



Lead Configuration 

Code 

1 

2 

3 4 

A 

A 

K 


B 

K 

A 


C 

B 

C 

E 

0 

B 

E 

C* 

E 

E 

B 

C 

F 

E 

B 

C* 

G 

E* 

B 

c 








RCA Solid-State Devices Manual 


Table Lll—Lead Codes (cont’d) 


H 

G 

A* 

K 


I 

G 

K 

A* 


J 

G 

Tl 

T2* 


Q 

K 

A* 

G 


K 

K 

G 

A* 


L 

Tl 

G 

T2* 


M 

B 

— 

E 

C 

N 

B 

C 

E 

C 

P 

D 

G2 

Gl 

CO 

X 

R 

D 

S 

G 

X 

S 

E 

B 

C 

Case 

T 

E 

B 

C 

B 

U 

E* 

B 

C 

E 

W 

E 

B 

E 

C 

X 

E 

C 

B 

C 

Y 

EK 

C 

B 

A 

Z 

Tl 

T2 

G 

T2 

Za 

Tl 

T2 

G 

Tab 

Isol. 


* Element connected to case, mountinsr flange, or heat 
spreader or radiator 


Abbrev. Terminal 

A Anode 

B Base 

C Collector 

D Drain 

E Emitter 

G Gate 

Gl, G2 Gate 1, Gate 2 

K Cathode 

S Source 

Tl, T2 Main Terminal 1, 2 

X Substrate, Case 
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RCA SK-SERIES SOLID-STATE 
REPLACEMENT DEVICES 

The RCA “top-of-the-line” SK- 
series entertainment and industrial 
solid-state devices are a group of 
high-quality types specifically in- 
tended for replacement purposes in 
line-operated and battery-operated 
electronic equipment. Each transis¬ 
tor, rectifier, or integrated circuit 
included in the SK-series is designed 
to provide outstanding performance 
in a specific application or type of 
service and can be used to replace 
a broad variety of solid-state devices 
used in that application or type of 
service in original equipment. 

SK devices are precisely en¬ 
gineered, manufactured, and tested 
specifically for use as replacements. 
Each device has electrical character¬ 
istics comparable with, or superior 
to, those of the devices that it re¬ 
places. In some instances, the case of 
an SK device may be slightly taller 
or thicker than that of the original 
device or may have a slightly differ¬ 
ent shape. These slight mechanical 
differences will not affect the per¬ 
formance of the equipment in which 
the replacement is made and normally 
will not prevent or complicate the 
installation of the SK device. In most 
cases, therefore, the recommended 
SK replacement device can be in¬ 


stalled without changes in mechanical 
mounting arrangements, circuit wir¬ 
ing, or operating conditions. Dimen¬ 
sional outlines for the SK devices 
are shown in the Outlines Section of 
this Manual. 

Because the SK-series transistors, 
integrated circuits, rectifiers, and 
thyristors are intended specifically 
for replacement purposes, RCA does 
not publish technical data sheets for 
these types. However, for the benefit 
of users who may require some in¬ 
formation on the performance capa¬ 
bility of these devices, data are given 
in Tables G-I through G-XIII for 
safe operation in the intended ap¬ 
plications. Operation outside of the 
limit conditions may result in dam¬ 
age to the device. 

For more detailed information on 
the use and capabilities of RCA 
SK solid-state devices, the reader 
should refer to the SK-Series Top of 
the Line Replacement Guide, RCA 
Publication No. SPG-202R. This 
Guide lists in numerical-alphabetical 
sequence more than 103,000 solid- 
state devices widely used in elec¬ 
tronic equipment and the recom¬ 
mended SK replacement device for 
each type. The Guide also provides 
detailed instruction and precaution¬ 
ary measures that should be followed 
to assure successful use of SK types 
for replacement of original-equip¬ 
ment devices. 


Table Llll—SK>Series Bipolar Transistors 


RCA Polarity and 

Type Material 


LIMIT CONDITIONS 



CHARACTERISTICS 

PACKAGE 

Pt 

w 

Ic 

A 

VCBO 

V 

VCEO 

V 

Vero 

V 

hfE 

VCE 

V 

Ic 

A 

fr 

MHz 

Case 

Style 

Dim. 

Out¬ 

line 

AF Smali-Signai Applications 

SK3003 PNPGe 

0.15 

-0.5 

-20 

-18 

-2.5 

90 

-1 

-0.05 

1 

TO-1 

1 

SK3004 PNP Ge 

0.6 

-1 

-32 

-25 

-12 

90 

-1 

-0.15 

1 

TO-1 

1 

SK3010 NPN Ge 

0.15 

0.1 

30 

30 

12 

90 

1 

0.05 

2 

To-1 

1 

SK3038 NPN Si 

0.3 

0.3 

30 

25 

7 

175 

10 

0.1 

150 

TO-5 

4A 

SK3114 PNP Si 

0.4 

-0.5 

-60 

-50 

-5 

175 

-10 

-0.15 

200 

TO-92 

6E 

SK3122 NPN Si 

0.4 

0.5 

50 

60 

4 

150 

3 

0.01 

200 

_ 

6F 

SK3124 NPN Si 

0.3 

0.3 

50 

30 

5 

175 

5 

0.02 

175 

TO-92 

6E 

SK3156 NPN Si 

0.5 

0.3 

40 

30 

10 

lOK 

5 

0.01 

100 

- 

6F 


* Terminal connections are indicated on the outline drawing; at end of this section. 
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Table Llll—SK-Series Bipolar Transistors (cont’d) 





LIMIT CONDITIONS 


CHARACTERISTICS 


PACKAGE 


RCA 

Polarity and 

Pt 

Ic VcBO VcBO 

Vebo 

IlFE VCE Ic 

fT 

Case 

Dim. 

Out¬ 

line 

Type 

Material 

W 

A V V 

V 

V A 

MHz 

Style 



AF Medium Power Applications 


SK3020 NPN Si 

1 

0.8 

30 

25 

7 

125 

10 

0.1 

150 

TO-5 

4A 

SK3024 NPN Si 

5 

1 

100 

90 

7 

100 

10 

0.15 

150 

TO-5 

4A/10B 

SK3025 PNP Si 

7 

-1 

-90 

-90 

-7 

100 

-10 

-0.15 

100 

TO-5 

4A/10B 

SK3045 NPN Si 

10 

1 

300 

300 

6 

80 

10 

0.05 

30 

TO-5 

8 

SK3052 PNPGe 

6 

-2 

-60 

-60 

-12 

no 

-1 

-0.5 

0.45 

TO-66 

12A 

SK3082 PNP Ge 

12 

-2 

-35 

-35 


no 

-1.5 

-0.2 

0.45 

— 

no 

SK3086 PNPGe 

Matched Pair of SK3082 Transistors, 

for Data See SK3082 



no 

SK3123 PNPGe 

9 

-5 

-60 

-^0 

-5 

80 

-2 

-0.4 

1 

TO-8 

90 

SK3137 NPN Si 

0.6 

1 

60 

50 

5 

150 

10 

0.15 

200 

TO-92 

7 

$K3138 PNP Si 

0.6 

-1 

-60 

-50 

-5 

150 

-10 

-0.15 

200 

TO-92 

7 

SK3512 NPN Si 

10 

2 

100 

90 

7 

90 

4 

0.4 

70 

TO-5 

4A 

SK3513 PNP Si 

10 

-2 

-100 

-90 

-7 

70 

-4 

-0.4 

70 

TO-5 

4A 

SK3536 NPN Si 

4.4 

3 

160 

140 

7 

100 

4 

0.15 

1 

— 

31 


AF High Power Applications 


SK3009 PNP Ge 

30 

-10 

-60 

-50 

-10 

90 

-1.5 

-0.2 

0.45 

TO-3 

llA 

SK3012 PNP Ge 

150 

-15 

-50 

-30 

-20 

50 

-2 

-5 

0.1 

TO-36 

13 

SK3013 PNPGe 

Matched Pair of SK3009 Transistors, for Data See SK3009 


TO-3 

llA 

SK3014 PNPGe 

40 

-11 

-75 

-50 

-5 

150 

-1.5 

-8 

2.5 

TO-3 

llA 

SK3015 PNP Ge 

Matched Pair of SK3014 Transistors, 

for Data See SK3014 


TO-3 

llA 

SK3026 NPN Si 

29 

4 

90 

60 

7 

70 

4 

0.1 

1 

TO-66 

12A 

SK3027 NPN Si 

115 

15 

100 

SO 

7 

70 

4 

0.3 

2 

TO-3 

llA 

SK3028 NPN Si 

Matched Pair of SK3026 Transistors, for Data See SK3026 


TO-66 

12A 

SK3029 NPN Si 

Matched Pair of SK3027 Transistors, for Data See SK3027 


TO-3 

llA 

SK3036 NPN Si 

150 

30 

90 

80 

5 

100 

4 

1.5 

1.5 

TO-3 

llA 

SK3037 NPN Si 

Matched Pair of SK3036 Transistors, for Data See SK3036 


TO-3 

llA 

SK3041 NPN Si 

36 

4 

35 

35 

5 

100 

4 

0.5 

2 

TO-220 lOA 

SK3054 NPN Si 

50 

7 

90 

70 

5 

70 

4 

1. 

2 

TO-220 lOA 

SK3083 PNP Si 

40 

-7 

-80 

-70 

-5 

70 

-2 

-1.5 

20 

TO-220 lOA 

SK3084 PNP Si 

40 

-7 

-40 

-30 

-5 

100 

-2 

-3 

20 

TO-220 lOA 

SK3173 PNP Si 

125 

-15 

-90 

-80 

-5 

70 

_4 

-0.3 

15 

TO-3 

llA 

SK3510 NPN Si 

115 

15 

100 

60 

7 

45 

4 

2 

1.5 

TO-3 

llA 

SK3511 NPN Si 

150 

30 

90 

80 

5 

40 

4 

8 

1.5 

TO-3 

llA 

SK3530 NPN Si 

25 

3 

100 

55 

12 

30 

4 

1 

1 

TO-8 

9D 

SK3534 NPN Si 

75 

10 

80 

70 

8 

55 

4 

1 

2 

TO-220 lOA 

SK3535 NPN Si 

250 

30 

170 

150 

7 

40 

4 

4 

2 

TO-3 

llA 

SK3538 NPN Si 

40 

4 

160 

140 

7 

30 

4 

0.5 

1 

TO-66 

12A 


AF High Voltage Applications 


$K3021 NPN Si 

6 

0.15 

300 

300 

4 

105 

10 

0.05 

25 

TO-66 

12A 

SK3045 NPN Si 

10 

1 

300 

300 

6 

80 

10 

0.05 

30 

TO-5 

8 

SK3053 PNP Si 

10 

-1 

-200 

-200 

-4 

90 

-10 

-0.05 

50 

TO-5 

4A 

SK3103 NPN Si 

20 

1 

450 

350 

6 

100 

10 

0.05 

30 

TO-5 

lOB 

SK3104 NPN Si 

20 

1 

300 

250 

6 

75 

10 

0.02 

30 

TO-5 

lOB 

SK3131 NPN Si 

12.5 

2 

200 

140 

6 

70 

10 

0.2 

1 

TO-66 

12A 

SK3528 PNP Si 

10 

-1 

-350 

-250 

-6 

50 

-10 

-0.05 

50 

TO-5 

4A 

SK3537 NPN Si 

4 

1 

200 

200 

3 

75 

10 

0.05 

10 

— 

31 


AM Broadcast Band Receiver Applications 


SK3005 PNPGe 

0.08 

-0.01 

-^0 

-40 

-0.5 

90 

-9 

-0.001 

10 

TO-1 

1 

$K3007 PNPGe 

0.08 

-0.01 

-24 

-15 

-0.5 

120 

-12 

-0.001 

130 

TO-7 

2B 

SK3008 PNPGe 

0.08 

-0.01 

-34 

-15 

-0.5 

150 

-12 

-0.001 

45 

TO-1 

1 

SK3011 NPNGe 

0.15 

0.1 

25 

25 

12 

70 

6 

0.001 

8 

TO-1 

1 

SK3018 NPN Si 

0.18 

0.02 

30 

30 

3 

80 

10 

0.002 

550 

TO-72 

6A 

SK3118 PNP Si 

0.5 

-0.75 

-50 

-40 

-5 

100 

-2 

-0.002 

200 

TO-92 

6C 

SK3122 NPN Si 

0.4 

0.5 

50 

50 

4 

150 

3 

0.01 

200 

— 

6F 


* Terminal connections are indicated on the outline drawings at end of this section. 
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Table Llll—SK-Series Bipolar Transistors (cont’d) 


RCA Polarity and 

Type Material 


LIMIT CONDITIONS 



CHARACTERISTICS 

PACKAGE 

Pt 

w 

lo VcRO 

A V 

VOEO 

V 

Vebo 

V 

Hee 

VcB 

V 

Ic 

A 

fT 

MHz 

Case 

Style 

Dim. 

Out¬ 

line 

* 

Short Wave Banr* Receiver Applications 

SK3007 PNPGe 

0.08 

-0.01 -24 

-15 

-0.5 

120 

-12 

-0.001 

130 

TO-7 

2B 

SK3018 NPNSi 

0.18 

0.02 30 

30 

3 

80 

10 

0.002 

550 

TO-72 

6A 

SK3118 PNPSi 

0.5 

0.75 -50 

-40 

-5 

100 

-2 

-0.002 

200 

TO-92 

6C 

SK3122 NPNSi 

0.4 

0.5 50 

50 

4 

150 

3 

0.01 

200 

— 

6F 


FM Broadcast Band Receiver Applications 


SK3006 PNPGe 

0.08 -0.01 

-30 

-15 

-0.5 

100 

-12 

-0.001 

400 

T045 

2A 

SK3018 NPNSi 

0.18 0.02 

30 

30 

3 

80 

10 

0.002 

550 

TO-72 

6A 

SK3118 PNPSi 

0.5 -0.75 

-50 

-40 

-5 

100 

-2 

-0.002 

200 

TO-92 

60 

SK3122 NPNSi 

0.4 0.5 

50 

50 

4 

150 

3 

0.01 

200 

— 

6F 

TV VHF Tuner Applications 

SK3018 NPN Si 

0.18 0.02 

30 

30 

3 

80 

10 

0.002 

550 

TO-72 

6A 

SK3039 NPNSi 

0.15 0.02 

20 

20 

3 

60 

10 

0.002 

1000 

TO-72 

6A 


TV UHF Tuner Applications 


SK3019NPNSi 0.15 0.02 20 20 3 130 10 0.002 1000 TO-72 6A 

SK3039 NPNSi 0.15 0.02 20 20 3 60 10 0.002 1000 TO-72 6A 


TV Sound IF Amplifier Applications 

SK3006 PNPGe 

0.08 -0.01 - 

-30 

-15 

-0.5 

100 

-12 

-0.001 

400 

TO-45 

2A 

SK3018 NPNSi 

0.18 0.02 

30 

30 

3 

80 

10 

0.002 

550 

TO-72 

6A 

SK3118 PNPSi 

0.5 -0.75 - 

-50 

^0 

-5 

100 

-2 

-0.002 

200 

TO-92 

60 

TV Video IF Amplifier Applications 

SK3018 NPNSi 

0.18 0.02 

30 

30 

3 

80 

10 

0.002 

550 

TO-72 

6A 

SK3117 NPNSi 

0.18 0.02 

20 

20 

3 

60 

10 

0.002 

550 

TO-72 

6A 

SK3132 NPNSi 

0.3 0.05 

40 

40 

3 

100 

10 

0.01 

800 

TO-72 

6A 

Citizens Band Power Applications 

SK3046 NPN Si 

0.5 0.25 

60 

30 

2 

50 

12 

0.015 

300 

TO-5 

4A 

SK3047 NPNSi 

2 0.25 

60 

30 

2 

50 

12 

0.05 

300 

TO-5 

4A 

SK3048 NPNSi 

5 1.5 

60 

30 

2.5 

60 

12 

0.3 

200 

TO-5 

4A 

SK3049 NPNSi 

10 1.5 

60 

30 

2.5 

60 

12 

0.3 

200 

TO-5 

8 


TV Horizontal Driver Deflection Applications 


SK3034 PNP Ge 

32 

-10 

-200 - 

-1.5 

35 

-1.5 

-4 

2.5 

TO-3 

llA 

SK3104 NPNSi 

20 

1 

300 250 

6 

75 

10 

0.02 

30 

TO-5 

lOB 

TV Horizontal Output Deflection Applications 

SK3035 PNP Ge 

32 

-10 

-^20 - 

-1.5 

25 

-1.5 

-4 

2.5 

TO-3 

llA 

SK3104 NPNSi 

20 

1 

300 250 

6 

75 

10 

0.02 

30 

TO-5 

lOB 

SK3111 NPNSi 

22 

10 

1200 500 

6 

25 

2 

1.5 

10 

TO-3 

llA 

SK3115 NPNSi 

65 

7 

1500 1500 

5 

5 

10 

2.5 

10 

TO-3 

llA 


TV Vertical Output Deflection Applications 


SK3034 PNPGe 

32 

-10 

-200 

_ 

-1.5 

35 

-1.5 

-4 

2.5 

TO-3 

llA 

SK3054 NPN Si 

50 

7 

90 

70 

5 

70 

4 

1 

2 

TO-220 lOA 

SK3079 NPNSi 

117 

15 

160 

140 

7 

80 

4 

0.5 

1 

TO-3 

llA 

SK3083 PNPSi 

40 

-7 

-80 

-70 

-5 

70 

-2 

-1.5 

20 

TO-220 lOA 

SK3085 PNPSi 

40 

-6 

-90 

-80 

-5 

60 

-2 

-1.5 

12 

TO-66 

12A 

SK3131 NPNSi 

12.5 

2 

200 

140 

6 

70 

10 

0.2 

1 

TO-66 

12A 

SK3133 NPNSi 

22 

1 

1500 

550 

5 

70 

10 

0.1 

1 

TO-3 

llA 


* Terminal connections are indicated on the outline drawings at end of this section. 
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Table LIU—SK-Series Bipolar Transistors (cont’d) 


LIMIT CONDITIONS 



CHARACTERISTICS 


PACKAGE 

RCA Polarity aad Pt Io Vcbo 

Type Material WAV 

Vcbo 

V 

Vbbo 

V 

bFB 

VcB 

V 

Ic 

A 

fr 

MHz 

Case 

Style 

Dim. 

Ont- 

liie 

* 

TV High Voltage Regulator Applications 









SK3044 NPN Si 1 1 

300 

300 

7 

80 

10 

0.05 

30 

TO-5 

4A 

SK3045 NPIVSi 10 1 

300 

300 

6 

80 

10 

0.05 

30 

TO-5 

8 

SK3104 NPNSi 20 1 

300 

250 

6 

75 

10 

0.02 

30 

TO-5 

lOB 

TV Video Amplifier Applications 

SK3040 NPN Si 1 0.1 

200 

200 

6 

55 

10 

0.05 

150 

TO^ 

4A 

SK3045 NPNSi 10 1 

300 

300 

6 

80 

10 

0.05 

30 

TO-5 

8 

SK3103 NPNSi 20 1 

450 

350 

6 

60 

10 

0.05 

30 

TO-5 

lOB 

TV Chroma Amplifier Applications 

/ SK3044 NPN Si 1 1 

SK3104 NPN Si 20 1 

300 

300 

7 

80 

10 

0.05 

30 

TO-5 

4A 

300 

250 

6 

75 

10 

0.02 

30 

TO-5 

lOB 

TV A6C Amplifier Applications 

SK3044 NPNSi 1 1 

300 

300 

7 

80 

10 

0.05 

30 

TO-5 

4A 

High Voltage/Power Switching Applications 









SK3510 NPNSi 

115 

15 

100 

80 

7 

30 

4 

6 

1.5 

TO-3 

llA 

$K3S11 NPNSi 

150 

30 

90 

80 

5 

40 

4 

8 

1.5 

TO-3 

llA 

SK3512 NPN Si 

10 

2 

100 

90 

7 

90 

4 

0.4 

70 

TO-5 

4A 

SK3513 PNPSi 

10 

-2 

-100 

-90 

-7 

90 

-4 

-0.4 

70 

TO-5 

4A 

SK3528 PNPSi 

10 

-1 

-350 

-250 

-6 

50 

-10 

-0.05 

50 

TO-5 

4A 

SK3529 NPNSi 

5 

3 

75 

50 

5 

50 

1 

0.5 

350 

TO-5 

4A 

SK353Q NPNSi 

25 

3 

100 

55 

12 

30 

4 

1 

1 

TO-8 

9D 

SK3534 NPNSi 

75 

10 

80 

70 

8 

55 

4 

1 

2 

TO-220 lOA 

SK3535 NPNSi 

250 

30 

170 

150 

7 

40 

2 

4 

2 

TO-3 

llA 

SK3536 NPNSi 

4.4 

3 

160 

140 

7 

100 

4 

0.15 

1 

- 31 

SK3537 NPNSi 

4 

1 

200 

200 

3 

75 

10 

0.05 

10 

- 31 

SK3538 NPNSi 

40 

4 

160 

140 

7 

30 

4 

0.5 

1 

TO-66 12A 


Table LIV—SK-Series Field Effect Transistors, 
N-Channel Depletion Mode 


RCA Device 

Type Class 

LIMIT CONDITIONS 


CHARACTERISTICS 

PACKAGE 

In or 
Pt do) 

W mA 

Vi).s 

V 

VtM.S 

V 

V02S 

V 

ffS 

/imho 

Ids 

mA 

Case 

Style 

Dim. 

Out¬ 

line 

* 

AF Small-Signal Applications 

SK3112 Junction 

0.1 (10) 

-50 

-50 

— 


1.5 

- 

60 

FM Broadcast Band Receiver Applications 

SK3116 Junction 

0.2 (10) 

-18 

-18 

— 

7,500 

8 

TO-72 

5 

TV VHF Tuner Applications 

SK3050 Dual Gate 

0.33 50 

-0.2 

-6 

-6 

12,000 


TO-72 

6B 



to 

to 

to 







+20 

+6 

+6 






* Terminal connections are indicated on the outline drawings at end of this section. 
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Table LIV—SK-Series Field Effect Transistors, 
N-Channel Depletion Mode (cont’d) 


LIMIT CONDITIONS 


CHARACTERISTICS 

PACKAGE 

Id or 

RCA Device Pt (Ig) Vds Vgis 

Type crass W mA V V 

Vg2S 

V 

gfS 

/imho 

Ids 

mA 

Case 

Style 

Dim. 

Out¬ 

line 

* 

VHF Communications Receiver Applications 

SK3065 Duai Gate 0.33 50 -0.2 -6 

to to 

4-20 4-6 

-6 

to 

4-6 

13,000 

15 

TO-72 

6B 

Chopper/Multiplex Applications 

SR3531 SSigfeGate 0.33 50 35 -10 

to 

+10 

— 

6,000 

15 

TO-72 

5 


Table LV—SK-Series Silicon Controlled Rectifiers 


LIMIT CONDITIONS CHARACTERISTICS PACKAGE 

FORWARD CURRENT 


Dim. 


RCA 

Type 

Vdrom 

V 

RMS 

A 

SURGE 

A 

di/dt 

A/us 

Pg 

W 

Max. 

Vgt 

V 

Max. 

Igt 

mA 

Max. 

Iho 

mA 

dv/dt 

y/us 

Idrom 

uA 

Max. 

toff 

us 

Case 

Style 

Out¬ 

line 

* 

TV Horizontal Deflection Applications 

SR3042 

600 

5 

80 

200 

25 

4 

30 

— 

— 

500 

2.5 TO-66 

12C 

Power Control/Switching Applications 

SIC3502 

600 

5 

60 

200 

13 

2 

15 

20 

10 

500 

50 

TO-66 

12C 

SK3503 

600 

7.5 

100 

200 

40 

1.5 

15 

20 

200 

500 

50 

TO-5 

3 

SK3504 

600 

20 

200 

200 

40 

2 

15 

20 

75 

200 

40 

TO-48 

20A 

SK3505 

600 

35 

300 

200 

40 

2 

40 

70 

100 

350 

40 

TO-48 

20A 

SK3527 

600 

12.5 

200 

200 

40 

2 

40 

50 

100 

350 

50 

TO-3 

lie 

SK3557 

500 

4 

35 

100 

0.5 

0.8 

0.002 

3 

8 

10 

100 

TO-220 

lOD 

SK3558 

400 

8 

200 

100 

16 

1.5 

15 

20 

200 

2000 

35 

TO-220 

lOD 


Table LVI—SK-Series Triacs 


LIMIT CONDITIONS _ CHARACTERISTICS _ PACKAGE 

FORWARD CURRENT ~ ~ 


__ mdA. max. UUl- 

RCA Vdbom RMS SURGE di/dt Pg Vgt Igt Iho dv/dt Idrom toff Case line 

■TPA V A A AZ/iS W V mA mA V/jiS «A (is Style * 


Power Control/Switching Applicatioos, 240-Volt Line Operation 


SIB5II6 400 2.5 25 

SK35fl7 400 15 100 

SK35fl8 400 15 100 


- 10 22 10 15 

— 16 2.5 80 60 

150 16 2.5 80 75 


10 750 - TO-5 

10 200 2.5 TO-66 

10 200 2.5 TO-48 


4B 

12B 

20B 


• Terminal connectiona are indicated on the imtiine drawing, at end of thia aeietion: 
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Table LVI—SK-Series Triacs (cont’d) 


LIMIT CONDITIONS CHARACTERISTICS PACKAGE 

FORWARD CURRENT 


Dim. 


RCA 

Type 

Vdrom 

V 

RMS 

A 

SURGE 

A 

dl/dt 

A//iS 

Pg 

W 

Max. Max. Max. 

Vgt Igt Iho 

V mA vui 

dv/dt Idrom 

v/ms mA 

Max. 

toff 

AS 

Case 

Style 

Out¬ 

line 

* 

Power Control/Switching Applications, 240-Voit Line Operation 

SK3509 

400 

40 

300 

100 

40 

2.5 80 60 

MSM 

200 

3 

T048 

20B-f 

SK3532 

450 

6 

100 

— 

16 

4 50 - 

Bl 

200 

:_ 

TO-5 

4C 

SK3533 

400 

8 

100 

— 

16' 

2.5 60 30 

El 

100 

2.5 

TO-220 

IOC 

High-Voltage Power Control/Switching Applications, V 

DROM - 

600 Y 




SK3519 

600 

2.5 

25 

_ 

10 

2.2 25 35 

10 

200 

__ 

TO-5 

4B 

SK3520 

600 

15 

100 

150 

16 

2.5 80 75 

10 

200 

2.5 

TO-48 

20B 

SK3521 

600 

30 

300 

100 

40 

2.5 80 60 

20 

200 

3 

T048 

20B 

SK3522 

600 

40 

300 

100 

40 

2.5 80 60 

30 

200 

3 

TO-48 

20B 


Table LVIl-SK-Series Low-Voltage Rectifiers/Diodes 


LIMIT CONDITIONS CHARACTERISTICS PACKAGE 


FORWARD 

PEAK REVERSE VOLTAGE CURRENT 


RCA 


Vrrm 

Vrsm 

RMS 

ip 

SURGE 

Ifm 

Max. 

Ir 

Max. 

Vp 

Typ. 

tyr 

Case 

Dim. 

Out¬ 

line 

Type 

Material 

V 

V 

A 

A 

aA 

V 

AS 

Style 

* 


Single Unit Power Supply Applications 


SK3016 

Si 

500 

__ 

1 

35 

5 

1.2 

__ 

DO-1 

15A 

SK3017A Si 

600 

_ 

1 

50 

5 

1.2 

— 

DO-26 

15A 

SK3030 

Si 

200 

— 

1 

50 

5 

1.2 

— 

DO-26 

15A 

SK3031 

Si 

400 

— 

1 

50 

5 

1.2 

— 

DO-26 

15A 

SK3032 

Si 

800 

— 

1 

50 

5 

1.2 

— 

DO-26 

lA 

SK3033 

Si 

1000 

_ 

1 

35 

5 

1.2 

_ 

DO-1 

14 

SK3051 

Si 

1000 

_ _ 

3 

200 

100 

1 

_ 

_ 

15B 

SK3080 

Si 

1000 

1200 

1 

30 

10 

1.1 

1.5 

DO-15 

15D 

SK3081 

Si 

1000 

1200 

2 

50 

10 

1.4 

1.5 

DO-15 

15D 

SK3174 

Si 

400 

525 

0.25 

30 

10 

1 

30 

TO-1 

IB 

$K3500 

Si 

600 

700 

12 

240 

5 

0.55 

— 

D04 

18A 

SK3501 

Si 

600 

700 

40 

850 

5 

0.65 

_ 

DO-5 

19 

SK3517 

Si 

Reverse Polarity Version of SK3500, for Data See SK3500 

D04 

18C 

SK3518 

Si 

Reverse Polarity Version of SK3501, 

For Data See SK3501 

DO-5 

19A 

Full-Wave Bridge Power Applications 

SK3105 

Si 

100 


2 

75 

_ 

— 

___ 


27 

SK3106 

Si 

400 

_ 

2 

75 

_ 

_ , 

_ 

_ 

27 

SK3107 

Si 

1000 

— 

2 

75 

— 

— 

— 

— 

27 


* Terminal connections are indicated on the outline drawincrs at end of this seiction. 
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Table LVIl—SK-Series Low-Voltage Rectifiers/Diodes 
(cont’d) 


LIMIT CONDITIONS 


CHARACTERISTICS PACKAGE 


FORWARD 

PEAK REVERSE VOLTAGE CURRENT 


RCA 

Repetitive 

PRV 

Non- 

Repetitive 

Vrm 

RMS 

Ip 

SURGE 

Ifm 

Max. 

Ir 

Max. 

Vp 

Typ. 

Xtt 

Case 

Dim. 

Out¬ 

line 

Type 

Material V 

V 

A 

A 

ilk 

V 

MS 

Style 

* 


TV Horizontal Deflection Applications: Trace and Commutating Diodes 


SK3043 Si 
SK3127 Si 
SK3128 Si 


1 

1 

1 

70 

70 

70 

10 

10 

10 

1.1 

1.1 

1.1 

1 

1 

1 

DO-26 

DO-1 

DO-1 

WMM 

TV Switching Applications: Sync, Detector, and Clamp Diode 

SK3100 Si 

80 - 

0.2 

__ 

0.2 

1.1 

0.004 

DO-7 

MM 

SK3175 Si 

800 1000 

1.5 

50 

15 

1.9 

0.5 

DO-15 


TV Damper Diode Applications 

SK3113 Ge 

-320 - 

10 

25 

_ 


_ 

TO-3 

IIB 

SK3125 Si 

1500 - 

1.5 

100 

10 

1.2 

1 

DO-1 

14A 

SK3130 Si 

1200 - 

0.5 

35 

10 

1.3 

0.5 

DO-1 

14 

Convergence Rectifier Applications Diode Array 

SK3110 Se 

35 - 

0.065 

— 

300 

— 

— 

— 

28 

TV Dural Diode Discriminator/Phase 

Detector Applications Common Cathode 

Connected 

SK31I9 Se 

20 

0.0011 

— 

4 

— 

— 

— 

29 

TV Dual Diode Discriminator/Phase Detector Applications Series Connected 

SK3120 Se 

20 - 

0.0011 

— 

4 

— 

— 

— 

29 

TV Dual Diode Discriminator/Phase Detector Applications Common Anode Connected 

SK3121 Se 

20 - 

0.0011 

— 

4 

— 

— 

— 

29 

AF Rectifier/RF Detector Signal Diode Applications 

SK3087 Ge 

60 - 

0.05 

__ 

_ 

__ 

— 

DO-7 

16 

SK3090 Ge 

80 - 

0.09 

— 

— 

— 

— 

DO-7 

16 

TV Video Detector Applications 

SK3088 Ge 

25 - 

0.05 

__ 

_ 

_ 

__ 

DO-7 

16 

SK3091 Ge 

40 - 

0.35 

— 

— 

— 

— 

DO-7 

16 

TV UHF Mixer Diode Applications 

SK3089 Si 

5 - 

— 

— 

— 

— 

— 

•DO-7 

16 

Fast Recovery Rectifiers 

SK3175 Si 


MM 

■1 

15 

m 

B9 

DO-26 

16A 

SK3515 Si 



■a 

10 

mi 

BIS 

DO-4 

18B 

SK3516 Si 


1.5 

50 

15 

1.9 


DO-15 

150 

* Terminal connections are indicated 

on the outline drawing's 

at end of 

this section. 
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Table LVIll—SK-Series High-Voltage Dectifiers 


RCA 

Type Material 

LIMIT CONDITIONS 


OPERATING CONDITIONS 


PACKAGE 

PEAK REVERSE 
VOLTAGE 

DC 

(No Load) Pulse 

V V 

DC 

Output 

Voltage 

V 

Input 

Pulse 

V 

If 

mA 

Ir 

ixh 

Ta 

°C 

Case 

Style 

Dim. 

Out¬ 

line 

* 

TV Focus Rectifier Applications 

SK3066 Se 

8,000 

9,000 

6,500 

7,800 

2 

30 

50 

— 

IXD 

TV Picture Tube Anode Rectifier Applications 

SK3067 Se 

12,400 

14,500 

11,000 

13,000 

0.3 

20 

50 

_ 

17A 

SK3068 Se 

14,400 

17,300 

13,000 

15,600 

0.3 

20 

50 

_ 

17A 

SK3108 Se 

2.1,400 

25,400 

20,000 

24,000 

0.3 

20 

50 

- 

17B 

TV Voltage Tripler Module 

SK3069 Se 

27,500 

9,400 

25,000 


1 

— 

60 

— 

21 

TV Boost Rectifier/Grid Clamp Diode Applications 

SK3109 Se 

560 

827 

- 

550 

2 

250 

85 


17C 


Table LIX—SK-Series Zener Diodes 


LIMIT CONDITIONS CHARACTERISTICS 


PACKAGE 


Dim. 

Out- 


RCA 

Pd 

Vz 

Iz 

Zz 

f 

Iz 

Case 

line 

Type Material 

W 

V 

mA 

Q 

Hz 

mA 

style 

* 

Voltage Regulator Applications 

SK3055 Si 

1 

3.6 

69 

10 

60 

6.9 

DO-27 

15C 

SK3056 Si 

1 

5.1 

49 

7 

60 

4.9 

DO-27 

15C 

SK3057 Si 

1 

5.6 

45 

5 

60 

4.5 

DO-27 

15C 

SK3058 Si 

1 

6.2 

41 

2 

60 

4.1 

DO-27 

150 

SK3059 Si 

1 

7.5 

34 

6 

60 

3.4 

DO-27 

150 

SK3060 Si 

1 

9.1 

28 

6 

60 

2.8 

DO-27 

150 

SK3061 Si 

1 

10 

30 

7 

60 

30 

DO-7 

16 

SK3062 Si 

1 

12 

20 

9 

60 

20 

DO-7 

16, 

$K3063 Si 

1 

15 

20 

14 

60 

20 

DO-7 

16 

SK3064 Si 

1 

27 

9.5 

35 

60 

0.95 

DO-27 

150 

$K3092 Si 

1 

11.5 

21 

9 

60 

2.1 

DO-27 

150 

SK3093 Si 

1 

12.8 

19 

11 

60 

1.9 

DO-27 

150 

SK3094 Si 

1 

14 

18 

12 

60 

1.8 

DO-27 

150 

SK3095 Si 

1 

33 

7.5 

45 

60 

0.75 

DO-27 

150 

SK3096 Si 

1 

55 

4.5 

no 

60 

0.45 

DO-27 

150 

* Terminal connections are 

indicated 

on the 

outline 

drawings at 

end of 

this section. 














Guide To RCA Solid-State Products 


629 


Table LIX—SK-Series Zener Diodes (cont’d) 


LIMIT CONDITIONS CHARACTERISTICS PACKAGE 


Dim. 

Out- 


RCA 

Pd Vz 

Iz 

Zz 

f 

Iz 

Case 

line 

Type Material 

W V 

mA 

0 

Hz 

mA 

Style 

* 

Voltage Regulator Applications 

SK3097 Si 

1 62 

4 

125 

60 

0.4 

DO-27 

15C 

SK3098 SI 

1 82 

3 

200 

60 

0.3 

DO-27 

15C 

SK3099 Si 

1 110 

2.3 

450 

60 

0.23 

DO-27 

15C 

SK3136 Si 

1 8.2 

31 

4.5 

60 

3.1 

DO-27 

15C 

SK3139 Si 

1 11 

20 

8 

mm 


DO-7 

16 

SK3142 Si 

1 16.2 

20 

16 

60 


BilB 

16 

SK3145 Si 

1 17.7 

20 

20 




16 

SK3148 Si 

1 26 

10 

28 

BIB 



16 

SK3150 Si 

1 29 

10 

33 

60 



16 

SK3151 Si 

1 24 

10 

25 

BiilflU 

10 

DO-7 

16 


Table LX—SK-Series Variable-Capacitance Diode 



LIMIT CONDITIONS 


CHARACTERISTICS 


PACKAGE 


PEAK REVERSE 

VOLTAGE 




Test Conditions 



RCA 

Type 

Vkrm Vrsm If 

Material V V mA 

Ir 

fih 

C 

PF 

PF/V 

Vr 

V 

f 

MHz 

Case 

Style 

Dim. 

Out¬ 

line 

* 

FM Receiver AFC Applications 

SK3126 Si -14 —20 50 

5 

22 

2.6 

-10 

1 

DO-7 

16 


Table LXI—SK-Series Bidirectional Diode 


LIMIT 

CONDITIONS CHARACTERISTICS 


PACKAGE 


Peak 

Ipeak Output 

RCA Pd (pulsed) Vbo l-fVBol— I— Vbo| Ibo Current Case 

Type Material W A V Min. | V Max. V mA mA Style 


Thyristor Triggering Diode 


SK3523 Si 1 2 29 35 ± 3 25 190 DO-15 


Dim. 

Out¬ 

line 

* 


15D 


* Terminal connections are indicated on the outline drawings at end of this section. 
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Table LXII—SK-Series Monolithic Linear Integrated- 
Circuit Subsystems 

Dim. 

Out- 

RCA Case line 

Type Applications Style * 

SK3022 Sound IF-Amplifier Stages for TV-Receivers. Supply Voltage, Vcc = 7.5 TO-5 9A 
_ volts. __ 

SK3023 Sound IF-Amplifier Stages for TY-Receivers. Supply Voltage, Vcc = 7.5 TO-5 9B 
_ volts. _ 

SK3070 Automatic Frequency Control, AFC Stages for TV-Receivers. Typical In- TO-5 9A 
_ put Voltage Sensitivity, Vin = 75mV. Supply Voltage, Vcc = 30 volts _ 

SK3071 Full Function Stereo Preamplifier Stages for Hi-Fi Equipment Supply MO-OOl-AC 22 
_ Voltage, Vcc = 14 volts. _ 

SK3072 Sound IF-Amplifier Stages for TV-Receivers. Supply Voltage, Vcc = 14C MO-OOl-AB 23 
_ volts. __ 

SK3073 Chroma Signal Processor Stages for Color TV-Receivers. Supply Voltage, NlO-OOl-AC 22 
Vcc = 12 volts. _ 

SK3074 Chroma Signal Processor Stages for Color TV-Receivers. Supply Voltage, MO-OOl-AC 22 
_ Vcc — 12- volts. _ 

SK3075 Chroma Signal Processor Stages for Color TV-Receivers. Supply Voltage, MO-OOl-AC 22 
_ Vcc = 24 volts. __ 

SK3076 Chroma Amplifier Stages for Color TV-Receivers. Supply Voltage, Vcc = MO-OOl-AB 23 
_ 24 volts. _ 

SK3077 Chroma Demodulator Stages for Color TV-Receivers. Supply Voltage, MO-OOl-AB 23 
_ Vcc = 24 volts. _ 

SK3078 Stereo Decoder System in FM-Multiplex Stages for Hi-Fi-Equipment. MO-OOl-AC 22 

_ Supply Voltage, Vcc = 12 volts. _ 

SK3101 Sound IF Amplifier, Limiter FM-Detection, AF-Preamplifier, and AF-Driver MO-OOl-AB 

Stages for TV Receivers using Tube Type AF-Output Amplifiers. Supply 23 

_ Voltage, Vcc = 140 volts. _ 

SK3102 Sound IF-Amplifier, Limiter, FM-Detection, AF-Preamplifier, and AF- MO-OOl-AB 23 

Driver Stages for TV Receivers using Transistor Type AF-Output Ampli- 
_ tiers. Supply Voltage, Vcc 140 volts. _ 

SK3129 IF-Amplifier Stages for FM-Brodcast Band Receivers. Supply Voltage, TO-5 9A 
_ Vcc = 9 volts. _ 

SK3134 Chroma Demodulator Stages for Color TV-Receivers. Supply Voltage, 30 

_ Vcc = 28 volts. _ 

SK3135 Sound IF Amplifier-Limiter and Quadrature Detector for TV and FM MO-OOl-AB 23 
_ Broadcast Band Receivers. Supply Voltage, Vcc = 12 volts. _ 

SK3140 IF Amplifier, Limiter, Detector, AF Preamplifier and Driver Stages in TO-5 9E 

FM Broadcast Band and Communications Receivers. Supply Voltage, 

_ Vcc = 30 volts. _ 

SK3141 Automatic Frequency Control AFC Stages in TV Receivers. Typical In- TO-5 9B 

put Voltage Sensitivity, Vin = 18mV. Supply Voltage, Vcc = 140 
_ volts. _ 

SK3143 Video IF Amplifier System for Color and Black/White TV Receivers, — 26 

Supply Voltage, Vcc = 11 volts. _ 

SK3144 IF Amplifier, Limiter, Detector, and AF Preamplifier Stages in FM MO-OOl-AB 23 
Broadcast Band and Communications Receivers. Supply Voltage, Vcc = 

11.2 volts. 


* Terminal connections are indicated on the outline drawings at end of this section. 
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Table LXII—SK-Series Monolithic Linear Integrated- 
Circuit Subsystems (cont’d) 


RCA 

Type Applications 

PACKAGE 

Case 

Style 

Dim. 

Out¬ 

line 

* 

SK3146 AM Broadcast Band System. Includes RF Converter, IF Amplifier, 
Detector, and Audio Preamplifier Stages. Supply Voltage, Vcc = 9 
volts. 

MO-OOl-AG 

22 

SK3147 FM Broadcast Band System. Includes IF Amplifier, Quadrature Detector, 
and AF Preamplifier Stages. Supply Voltage, Vcc = 12 volts. 

MO-OOl-AC 

22 

SK3149 Chroma Amplifier and Demodulator System Stages for Color TV Re¬ 
ceivers. Supply Voltage, Vcc = 24 volts. 

MO-OOl-AC 

22 

SK3157 RF/IF Amplifier for FM and Communications Receivers. Supply Voltage, 
Vcc == 12 volts. 

TO-5 

9F 

SK3158 Chroma Signal Processor Stages for Color TV-Receivers. Supply Voltage, 
Vcc = 24 volts. 

MO-OOl-AC 

22 

SK3159 Stereo Decoder System in FM-Multiplex Stages for Hi-Fi-Equipment. 
Supply Voltage, Vcc = 15 volts. 

MO-OOl-AB 

23 

SK3160 Stereo Decoder (RC Phase-Lock-Loop) System in FM-Multiplex Stages 
for Hi-Fi-Equipment. Supply Voltage, Vcc = 14 volts. 

MO-OOl-AB 

23 

SK3161 Stereo Decoder System in FM-Multiplex Stages for Hi-Fi-Equipment. 
Supply Voltage, Vcc = 15 volts. 

MO-OOl-AB 

23 

SK3162 Full Function Stereo Preamplifier Stages for Hi-Fi-Equipment. Supply 
Voltage, Vcc = 33 volts. 

MO-OOl-AB 

23 

SK3163 Three Stage IF- Amplifier System for FM Receivers. Supply Voltage, 
Vcc = 18 volts. 

— 

23A 

SK3164 Voltage Regulator Stages for Color and Black/White TV Receivers. 
Supply Voltage, Vcc = 40 volts. 

TO-5 

24 

SK3165 Voltage Regulator Stages for Color and Black/White TV Receivers. 
Supply Voltage, Vcc =: 40 volts. 

MO-OOl-AB 

23 

SK3166 Full Function Stereo Preamplifier Stages for Hi-Fi Equipment Supply 
Voltage Vcc = 18 volts. 

TO-5 

24 

SK3167 Chroma Signal Processor Stages for Color TV-Receivers Supply Voltage, 
Vcc = 20 volts. 

MO-OOl-AB 

23 

SK3168 Video IF Amplifier System for Color and Black/White TV Receivers. 
Supply Voltage, Vcc = 12 volts. 

MO-OOl-AB 

23 

SK3169 IF Amplifier and Limiter for FM Recivers. Supply Voltage, Vcc = 15 
volts. 

TO-5 

24 

SK3170 Chroma Signal Processor Stages for Color TV-Receivers. Supply Voltage, 
Vcc = 24 Volts. 

MO-OOl-AC 

22 

SK3171 AM Broadcast Band System. Includes RF/IF Amplifier, Mixer, Oscillator, 
AGC Detector, and Voltage Regulator. Supply Voltage, Vcc = 12 volts. 

MO-OOl-AB 

23 

SK3172 Stereo Decoder System in FM-Multiplex Stages for Hi-Fi Equipment. 
Supply Voltage, Vcc = 16 volts. 

MO-OOl-AC 

22 


= Terminal connections are indicated on the outline drawingrs at end of this section. 
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Table LXIII—SK-Series Monolithic Linear Integrated- 
Circuit Subsystems (cont’d) 





OPERATING CONDITIONS 



PACKAGE 





Max. 

Max. 




Dim. 


Max. 


Max. 

Input 

Input 

Volt. 



Out¬ 

RCA 

Pn 

Vrr 

Vix 

Off-Set 

Bias 

Gain 

MUF 

Case 

line 

Type Description 

mW 

V 

mV 

mV 1 nA 

nA 

dB 

MHZ 

Style 

* 

SK3514 Single Operational 

500 

36 

_ 

6 200 

500 

95 

_ 

TO-5 

9C 

Amplifier 









9E 

SK3524 AF Power/Wide Band 

1000 

12 

100 

Power Gain = 

:75dBTyp. 


8 

TO-5 

Amolifier 









SK3525 VHF Differential 

450 

12 

400 

5 .006 

80 mA 

40 

100 

TO-5 

9C 

Cascade Amplifier 










SK3526 Dual Operational 

800 

36 

_ 

6 200 

500 

95 

_ 

TO-5 

9A 

Amplifier 









25 

SK3539 Single Operational 

600 

12 

1000 

2 1.6 

6 mA 

70 

— 

MO-OOl- 

Amplifier 




mA 




AD 


SK3540 Single Operational 

600 

12 

1000 

Z 1.6 

6 mA 

70 

_ 

TO-5 

9E 

Amplifier 




mA 






SK3541 Zero Voltage Switch 

700 

14 

— 

— ~ 

1000 

- 

— 

MO-001- 

AD 

TO-5 

25 

SK3542 Transistor Array 

450 

Unit Ratings: Vcito 

= 30V, VcEo = 15V, 


120 

9E 



1C = 50 mA 







SK3543 Transistor Array 

750 

Unit Ratings: Vcbo 

— 20V, VcEo — 15V, 


120 

MO-001- 

25 



1C = 50 mA 





AD 


SK3544 Dual Independent 

750 

Unit Ratings: Vcbo 

— 20V, VcEO = 15V, 


120 

MO-001- 

23 

Differential Ampl. 


1C = 50 mA 





AB 


SK3545 Diode Array 

600 

Unit Ratings: PRV : 

= 20V, IF = 

25mA, 



TO-5 

9E 



IF (surge) 

=z 100 mA 






SK3546 Diode Array 

120 

Unit Ratings: PRV ; 

= 25V, IF = 

1mA, 



TO-5 

9A 



IR=10 fiA, CD - 

: 1.8 pF 






SK3547 DC Differential 

450 

6 

±4 

5 10 

36 mA 

38 

30 

TO-5 

9A 

Amplifier 




pk 






SK3548 VHF Dual Differential 

600 

Unit Ratings: Vcbo 

— 20V, VcEo = 15V, 


500 

TO-5 

9E 

Amplifier 


If — 50 mA, Ft = 

1.35 GHz typ. 





SK3549 Video/Wide Band 

450 

6 

±4 

1.5 10 

36 mA 

14 

50 

TO-5 

9A 

Amplifier 










SK3550 Transistor Array 

750 

Unit Ratings: Vcbo 

= 20V, VcEO — 16V, 



MO-001- 

22 



Ir = 100 mA, hfe 

68 typ. 




AC 


SK3551 Dual Operational 

680 

36 

— 

6 200 

800 

100 

_ 

TO-5 

9G 

Amplifier 










SK3552 Single Operational 

500 

44 

— 

5 200 

500 

100 

— 

MO-001- 

23 

Amplifier 








AB 


SK3553 Single Operational 

500 

44 

— 

5 200 

500 

100 

— 

TO-5 

9B 

Amplifier 





25 mA 





SK3554 Memory Sense 

750 

10 

— 

6 2mA 

— 

— 

MO-001- 

25 

Amplifier 








AD 


SK3555 Dual Operational 

680 

36 

_ 

6 200 

500 

100 


TO-5 

9C 

Amplifier 










SK3556 Dual Operational 

300 

36 


5 200 

500 

100 

-— 

MO-001- 

23 

Amplifier 








AB 



Terminal connections are indicated on the outline drawings at end of this section. 
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Table LXIV—Power Hybrid Integrated Circuits 


RCA 

Type Mater 

LIMIT 

CONDITIONS 



OPERATING 

CHARACTERISTICS 


PACKAGE 

Vrc Icc 

iai V A 

Vcc 

V 

Icc 

A 

mA 

A i 
dB 

Pout 

It Rr. = 4Q 

W 

Sensi¬ 
tivity 
at Rated 
Output 

V 

Rix 

O 

Dim. 

Out¬ 

line 

AF Power Amplifier Applications 

SK3152 Si 

-f- 35 0.9 

+ 25 

0.5 

20 

35 

10 

0.15 

40,000 

60 

SK3153 Si 

+ 43 1.1 

+ 32 

0.6 

20 

33 

15 

0.25 

40,000 

60 

SK3154 Si 

+ 50 1.3 

+ 38 

0.7 

25 

33 

20 

0.25 

40,000 

61 

SK3155 Si 

±22 1.1 

±16 

0.7 

30 

33 

20 

0.25 

27,000 

62 


Table LXV—SK-Series COS/MOS Digital Integrated Circuits 


LIMITS 




TYPICAL CHARACTERISTICS 




PACKAGE 

RCA Pd Vdd-V.s.s 

Type jLtW V 


STATIC 



DYNAMIC 



Case 

Style 

JEDEC 

MO-001- 

Dim. 

Out¬ 

line 

DC Input 
Current 
ii 
pA 

Output 

Voltage 

"0" "1" 

V 1 

Noise 

Immunity 

Vm, 

V 

Input 

Cap. 

Cl 

PF 

Prop. 

Delay 

"0" 

ns 

"1" 

ns 

Transition 

Time 

"0" "1" 

ns ns 

Gates Dual 3-input NOR Pius Inverter 

SK4000 0.01 3 to 15 

10 

0 

10 

4.5 

5 

25 

25 

35 

35 

AD 

25 

Dual 4-input NOR 

SK4002 0.01 3 to 15 

10 

0 

10 

4.5 

5 

25 

25 

35 

35 

AD 

25 

Triple 3-input NOR 

SK4025 0.01 3 to 15 

10 

0 

10 

4.5 

5 

25 

25 

35 

35 

AD 

25 

Quad 2-input NOR 

SK4001 0.01 3 to 15 

10 

0 

10 

4.5 

5 

25 

25 

35 

35 

AD 

25 

Ouai Input NANO 

SK4012 0.01 3 to 15 

10 

0 

10 

4.5 

5 

50 

25 

125 

40 

AD 

25 

Triple 3-Input NANO 

SK4023 0.01 3 to 15 

10 

0 

10 

4.5 

5 

25 

25 

50 

40 

AD 

25 

Quad 2-Input NANO 

SK4011 0.01 3 to 15 

10 

0 

10 

4.5 

5 

25 

25 

50 

40 

AD 

25 

Quad Exclusive OR 

SK4030 0.1 3 to 15 

10 

0 

10 

4.5 

5 

100 100 

25 

30 

AD 

25 

Quad AND-OR Select 

SK4019 0.5 3 to 15 

10 

0 

10 

4.5 

12 

50 

50 

40 

40 

AE 

24 
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Table LXV—SK-Series COS/MOS Digital Integrated Circuits (cont 



LIMITS 



TYPICAL CHARACTERISTICS 


PACKAGE 




STATIC 



DYNAMIC 



RCA 

Type 

Pn Vnn-V.xs 

juW V 

DC Input 
Current 

li 

pA 

Output 
Voltage 
"0" "1" 

V 1 

Noise 

immunity 

Vm. 

V 

Input 

Cap. 

Cl 

PF 

Prop. 

Delay 

"0" "1" 

ns ns 

Transition 

Time 

"0" "1" 

ns ns 

Case Dim. 

Style Out- 

JEDEC line 

MO-001- 


Dual Complementary Pair Plus Inverter 


SK4007 0.01 3 to 15 

10 0 

10 4.5 

5 

20 

20 

30 

30 

AD 

25 

Flip-Flops 

Dual "D", Typical Clock Toggle Rate 

= 10 MHz 








SK4013 0.05 3 to 15 

10 0 

10 4.5 

5 

75 

75 

50 

50 

AD 

25 

Dual J-K Master-Slave, 

Typical Clock Toggle Rate — 8 MHz 








SK4027 0.05 3 to 15 

10 0 

10 4.5 

5 

75 

75 

50 

50 

AE 

24 

HEX Buffers/Converters 

Inverting 

SK4009 0.1 3 to 15 

10 0 

10 4.5 

5 

10 

25 

16 

50 

AE 

24 

Non Inverting 

SK4010 0.1 3 to 15 

10 0 

10 4.5 

5 

10 

25 

16 

50 

AE 

24 

Multiplexer 

Quad Bilateral Switch, 

Typical Frequency Response = 40 MHz 







SK4016 0.1 3 to 15 

±10 - 

- - 

4 

Propogation Delay 

=20 ns 

AD 

25 

Counters 

Decade Counter/Divider 

, plus 10 decoded decimal outputs 








SK4017 5 3 to 15 

10 0 

10 4.5 

5 

125 

200 

50 

125 

AE 

24 

7-Stage Binary Counter, 

with buffered 

reset 








SK4024 5 3 to 15 

10 0 

10 4.5 

5 

80 

80 

80 

80 

AD 

25 

Register 

Dual 4-Stage Static Shift Register, with serial input/parallel output 

SK4015 10 3 to 15 

10 0 

10 4.5 

5 

100 


75 

75 

AE 

24 


* Terminal connections are indicated on the outline drawings at end of this selction. 


vice packages. Separate outlines are 
PACKAGE OUTLINES shown for standard-product RCA 

solid-state devices, and for RCA “top- 
This section shows the dimensional of-the-line” SK-series solid-state re¬ 
outlines for all RCA solid-state de- placement devices. 
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Dimensional Outlines for Thyristors and Rectifiers 
DO-1 



NOTES: 

1. Dimensions to allow for pinch or seal deformation anywhere along 
tubulation (optional). 


DO-4 



92CS 20472 


NOTES: 

1: Chamfer or unfiercut on one or both sides of hexagonal base is 
optional. 

2; Angular orientation and contour of Terminal No. 1 it optional. 

DO-5 



(3 PLACES ) 


92CS-20473RI 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

^b 

0.027 

0.035 

0.69 

0.89 

2 


- 

0.125 

- 

3.18 

1 


0.360 

0.400 

9.14 

10.16 


0Di 

0.245 

0.280 

6.22 

7.11 


0D2 

- 

0.200 

- 

5.08 


F 

— 

0.075 

- 

1.91 


Gl 

- 

0.725 

- 

18.42 


H 

0.5 

- 

12.7 

- 


K 

0.220 

0.260 

5.59 

6.60 


L 

1.000 

1.625 

25.40 

41.28 


Q 

- 

0.025 

- 

0.64 



2. Oianteter to be controlled from free end of lead to within 0.188 inch 
(4.78 mm) from the point of attachment to the body. Within the 
0.188 inch (4.78 mm) dimension, the diameter may vary to allow 
for lead finishes and irregularities. 



INCHES 

MILLIMETERS 


SYMBOL 

MIN. 

MAX. 

MIN. 

MAX. 

NOTES 

A 

- 

0.405 

- 

10.28 


b 

- 

0.250 

- 

6.35 

2 

c 

0.020 

0.065 

0.51 

1.65 


(t>D 

- 

0.505 

- 

12.82 


<^Di 

0.265 

0.424 

6.74 

10.76 


E 

0.423 

0.438 

10.75 

11.12 



0.075 

0.175 

1.91 

4.44 

1 

J 

0.800 

0.800 

15.24 

20.32 


<»M 

0.163 

0.189 

4.15 

4.80 


N 

0.422 

0.453 

10.72 

11.50 


Ni 

- 

0.078 

- 

1.98 


0T 

0.060 

0.095 

1.53 

2.41 


<t>w 

10-32 UNF-2A 

10-32 UNF-2A 

3 

Z 

- 

0.002 

- 

0.050 


Zl 

- 

0.006 

- 

0.152 

1 _ 


3; <>W is pitch diameter of coated threads. REF: Screw Thread 
Standards for Federal Services, Handbook H 28 Part I. 
Recommended torque: 15 inch-pounds. 



INCHES 

MILLIMETERS 


SYMBOL 

MIN. 

MAX. 

MIN. 

MAX. 

NOTES 

A 

- 

0.450 

- 

11.43 


b 

- 

0.375 

- 

9.52 


c 

0.030 

0.080 

0.77 

2.03 


00 

- 

0.794 

- 

20.16 


00-1 

- 

0.667 

- 

16.94 


E 

0.669 

0.688 

17.00 

17.47 


Pi 

0.115 

0.200 

2.93 

5.08 


J 

0.750 

1.000 

19.05 

25.40 


0M 

0.220 

0.249 

5.59 

6.32 


N 

0.422 

0.453 

10.72 

11.50 


Nl 

- 

0.090 

- 

2.28 


S 

0.156 

- 

3.97 

- 


0T 

0.140 

0.175 

.3.56 

4.44 


0W 

1/4-28 

IUNF2A 

1/4-28 UNF 2A 

1 

Z 


0.002 

- 

0.050 


Zi 


0.006 

- 

0.152 



NOTE 

1: 0W it pitch diametar of coated threads. REF: Screw-Thread 
Standards for Federal Services, Handbook H 28 Part I. 
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SYMBOL 

INCHES 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 


0.027 

0.035 

0.686 

0.889 

0D 

0.104 

0.140 

2.64 

3.56 

G 

0.230 

0.300 

5.84 

7.62 

L 

1.000 

- 

25.40 

- 

Li* 


0.050 

- 

1.27 


•Within this zone the diameter may vary to allow/ for lead 
finishes and irregularities. 


DO-26 


DO-26 With Insulating Sleeve 



SYMBOL 

INC 

MIN. 

HES 

MAX. 

MILL 

MIN. 

METERS 

MAX. 

NOTES 

0b 

0.027 

0.039 

0.69 

0.99 


0D 

0.220 

O.260 

5.59 

6.60 

1 

G 

0.344 

0.4'l0 

8.74 

10.41 

1 

L 

1.400 

- 

35.56 

- 


Li 

- 

0.080 

- 

2.03 

2 


NOTES: 

1. Package contour optional within cylinder of diameter, <t>D, 
and length, G. Slugs, if any, shall be included within this 
cylinder but shall not be subject to the minimum limit of 
0D. 

2. Lead diameter not controlled in this zone to allow for 
flash, lead-finish build up, and minor irregularities other 
than slugs. 



92CS-II229R3 
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Mod. TO-1 2-Lead 



NOTE: 

1. 0 b 2 applies between Li and L 2 . i^b applies between L 2 and 



92CS-15222’ 


NOTES: 

1. These dimensions should be measured at points 0.050 in. 
(1.27 mm) to 0.055 in. (1.40 mm) below seating plane. 


SYMBOL 

INCHES 

MIN. 1 MAX. 

MILLIMETERS 
MIN. ImAX. 

NOTES 

Oa 

0.061 

0.081 

1.55 

2.06 


A 

- 

0.410 

- 

10.41 


C-b 

- 

0.021 

- 

0.533 

1 

0b2 

0.016 

0.019 

0.406 

0.483 

1 

OD 

- 

0.240 

- 

6.10 


L 

1.500 

- 

38.10 


1 

Li 

- 

0.05 

- 

1.27 


‘-2 

P 

0.25 

- 1 6.35 

90° NOMINAL 


1 


1.5 in. (38.10 mm) from seating plane. Diameter is uncontrolled 
in Li and beyond 1.5 in. (38.10 mm) from seating plane. 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. MAX. 

A 

0.250 

0.450 

6.35 11.43 


0b 

0.038 

0.043 

0.97 1.09 

2 

0 D 


0.875 

22.23 


e 

0.420 

0.440 

10.67 11.18 


ei 

0.205 

0.225 

5.21 5.72 


F 


0.135 

3.43 


1 

0.312 


7.92 

2 

0P 

0.151 

0.161 

3.84 4.09 


q 

1.177 

1.197 

29.90 30.40 


n 


0.525 

13.34 


r2 


0.188 

4.78 


s 

0.655 

0.675 

16.64 17.15 

1 


When gage is not used, measurement will be made at 
seating plane. 


2. Two pins. 


MODIFIED TO-3 (2N5575, 2N5578) 

_ SEATING 
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JEDEC TO-8 


SYMBOL 

INCHES 

MILLIMETERS 


MIN. 

MAX. 

MIN. 

MAX. 

NOlhS 

A 

0.270 

0.330 

6.86 

8.38 

- 

0b 

0.027 

0.033 

0.686 

0.838 

1 

0D 

0.550 

0.650 

13.97 

16.51 

- 

0Di 

0.444 

0.524 

11.28 

13.31 

- 

e 

0.136 

0.146 

3.45 

3.71 

- 

F 

- 

0.115 

- 

2.92 

- 

4 

0.360 

0.440 

9.14 

11.18 

1 


90 NOMINAL 





NOTE; 

1. Three leads. 




92CS-20223 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.170 

0.210 

4.32 

5.33 


0b 

0.016 

0.021 

0.406 

0.533 

1 

0b2 

0.016 

0.019 

0.406 

0.483 

1 

0D 

0.209 

0.230 

5.31 

5.84 


0D1 

0.178 

0.195 

4.52 

4.95 


e 

0.100 T.P. 

2.54 T.P. 

2,4 

ei 

0.050 T.P. 

1.27 T.P. 

2.4 

F 


0.030 


0.762 


j 

0.036 

0.046 

0.914 

1.17 

4 

k 

0.028 

0.048 

0.711 

1.22 

3 

1 

0.500 


12.70 


1 

»1 


0.050 


1.27 

1 

12 

0.250 


6.35 


1 


450 T.P. 



5 


NOTES: 

1. (Three leads) 0b2 applies between It and 12- 0b applies between I2 and 
0.5 in. (12.70 mm) from seating plane. Diameter is uncontrolled in It 
and beyond 0.5 in. (12.70 mm) from seating plane. 

2. Leads having maximum diameter 0.019 in. (0.483 mm) measured in 
gaging plane 0.054 in. (1.37 mm) + 0.(X)1 in. (0.025 mm) - 0.(X) in. 

(0.00 mm) below the seating plane of the device shall be within 0.007 in. 
(0.178 mm) of their true positions relative to a maximum-width tab. 

3. Measured from maximum diameter of the actual device. 

4. The device may be measured by direct methods or by the gage and gaging 
procedure described on gage drawing GS-2. 


JEDEC TO-36 




9205-24690 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

_ 

0.520 

_ 

13.21 


•^D 

- 

1.250 

- 

31.75 



- 

0.140 

- 

3.56 


k 

- 

0.312 

- 

7.92 

1 

L 

0.610 

0.710 

15.49 

18.03 


m 

- 

0.190 ^ 

- 

4.83 


N 

0.375 

0.500 

9.53 

12.70 


r 

0.345 NOMINAL 

8.76 NOMINAL 


W 1 

1 

_ ^ _ 

2 


NOTES: 


1. INSULATED LOCATOR PIN. 

2. 10-32 UNF-2A. MAXIMUM PITCH DIAMETER OF PLATED 
THREADS SHALL BE BASIC PITCH DIAMETER 0.1697 in. 
(4.31 mm) REFERENCE (SCREW THREAD STANDARDS FOR 
FEDERAL SERVICES 1957) HANDBOOK H28 1957 PI. 

3. CONTROLLING DIMENSION: INCH. 


5. Tab centerline. 
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JEDEC TO 39/TO-5 




The variation in actual diameter within this 
zone shall not exceed 0.010 in. (0.254 mm). 

Note 2: (Three leads)ob2 applies between l-j and l2- 
ob applies between 12 and I. Diameter is 
uncontrolled in 11. 

Note 3; Measured from maximum diameter of the actual 
device. 

Note 4: Details of outline in this zone optional. 


MODIFIED TO-39 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX 

MIN 

MAX. 

0a 

0.190 

0.210 

4.83 

5.33 


A 

0.160 

0.180 

4.07 

4.57 


0b 

0.016 

0.021 

0.406 

0.533 

2 

0b2 

0.016 

0.019 

0.406 

0.483 

2 

0 D 

0.350 

0.370 

8 89 

9.40 


0Di 

0315 

0.335 

8.00 

8.51 


h 

0.009 

0.125 

0.229 

3 18 


1 

0.028 

0.034 

0 711 

0.864 


k 

0.029 

0.040 

0.737 

1.02 

3 

1 

0.500 


12.70 


2 

h 


0.050 


1.27 

2 

'2 

0.250 


6.35 


2 

P 





1 

Q 





4 

a 

450 NOMINAL 




P 

90° NOMINAL 





Note 1: This zone is controlled for automatic handling. The variation in actual diameter 
within this zone shall not exceed 0.010 in. (0.254 mm). 

Note 2: (Three leads) 0b2 applies between 11 and I2. 0b applies between I2 and 0.5 in. 
(12.70 mm) from seating plane. Diameter is controlled in 11 and beyond 0.5 
in. (12.70 mm) from seating plane. 

Note 3: Measured from maximum diameter of the actual device. 

Note 4; Details of outlinein this zone optional. 

92CS 20893 




1. 0.035 C.R.S., finish ttoctrotow nickel plate. 

2. Reconunandad hola sin for printed-circuit board is 0.070 in. (1.78 mm) dia. 

3. Mea su re d at bottom of haat-radiator. 92 cs-22335 
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TO-39/TO-5WITH FLANGE 




NOTES: 

1. True position. 

2. Tab centerline. 


TO-48 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.330 

0.505 

8.4 

12.8 

- 

dOi 

- 

0.544 

- 

13.81 

- 

E 

0.544 

0.562 

13.82 

14.28 

- 

F 

0.113 

0.200 

2.87 

5.08 

- 

J 

0.950 

1.100 

24.13 

27.94 

- 

M 

■ 0.215 

0.225 

1 5.46 

5.71 

- 

N 

0.422 

0.453 

i 10.72 

11.50 

- 

PT 

1 0.05C 

0.068 

i I--*’ 

1.73 

- 

pTi 

1 0.138 

0.148 

3.51 

3.75 

- 1 

pw 

1 1/4-28 

JNr 2A 

1/4-28 UNF 2A 




NOTE 

1. 0W is pitch diameter of coated threads. 


REF: Screw-Thread Standards for Federal Services. Handbook H28, 
Part I. Recommended Torque: 25 inch-pounds. 
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1. DIMENSION DOES NOT INCLUDE SEALING FLANGES. 

Z PACKAGE CONTOUR OPTIONAL WITHIN DIMENSIONS 
SPECIFIED. 

a PITCH DIAMETER THREAD 5/16-24 UNF 2A (COATED). 
REFERENCE (SCREW THREAD STANDARDS FOR FED 
ERAL SERVICES HANDBDOK H-2BI. 

4. THIS TERMINAL CAN BE FLATTENED AND PIERCED 
OR HOOK TYPE. 

& POSITION OF LEADS IN RELATION TO THE HEXAGON 
IS NOT CONTROLLED. 


TO-60 





INCHES 

MILLIMETERS 

NOTES 

SYMBOL 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.215 

0.320 

5.46 

8.13 


Al 

- 

0 '66 

- 

4.19 

2 


0.030 

0.046 

0.762 

1.17 

4 


0.360 

0.437 

9.14 

11.10 

2 

eo. 

0.320 

0.360 

8.13 

9.14 


E 

0.424 

0.437 

10.77 

11.10 


a 

0.185 

0.215 

4.70 

5.46 


•l 

0.090 

0.110 

2.29 

2.79 


F 

0.090 

0.135 

2.29 

3.43 

1 

J 

0.355 

0.480 

9.02 

12.19 


0M 

0.163 

0.189 

4.14 

4.80 


N 

0.375 

0.455 

9.53 

11.56 


Nl 

- 

0.078 

- 

1.98 


0W 

0.1658 

0.1697 

4.212 

4.310 

3.5 


MILLIMETER DIMENSIONS ARE DERIVED 
FROM ORIGINAL INCH DIMENSIONS 


NOTES; 

1. Dimension does not include sealing flanges 

2. Package contour optional within dimensions specified 

3. Pitch diameter - 10-32 UNF 2A thread (coated) 

4. Pin spacing perimts insertion in any socket having a 

pin-circle diameter of 0.200 in. (5.08 mm) and con¬ 
tacts which will accommodate pins with a diameter 
of 0.030 in. (0.762 mm) min.. 0.046 in. (1.17mm) max. 

5. The torque applied to a 10-32 hex nut assembled on the 

thread during installation should not exceed 12 inch- 
pounds. 
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JEDEC TO-66 




TO-66 WITH HEAT RADIATOR 



2. These dimensions should be measured at points 0.050 in. 
(1.27 mm) to 0.055 in. (1.40 mm) below seating plane. When 
gage is not used, measurement will be made at seating plane. 

3. <)>b applies between L-) and L. Diameter is uncontrolled in 



4. The seating plane of header shall be flat within 0.001 in. (0.025 mm) 
concave to 0.004 in. (0.10 mm) convex inside a 0.520 in. (13.21 mm) 
diameter circle on the center of the header and flat within 
0.001 in (0.025 mm) concave to 0.006 in. (0.15 mm) convex overall. 



2. 0.035 in. (0.889) C.R.S., tin plated 

3. Recommended hole site for printed-circuit board is 
0.070 in. (1 7781 dia. 



Note 1: (Four leads). Maximum number leacs omitted in this out¬ 
line, "none" (0). The number and position of leads actually present 
are indicated in the product registration. Outline designation deter- Note 4: 


MILLIMETERS 


0210 
0.021 
0019 
0.230 
0 195 
0 100 T P. 
0.050 T.P. 
0030 
0 046 
0048 


0.050 


Leads having maximum diameter 0.019 in. (0.484 mm) 


mined by the location and minimum angular or linear spacing of measured in gaging plane 0.054 in. (1.37 mm) +0.001 in. (0.025 

any two adjacent leads. mm) — 0.000 (O.IXX) mm) below the seating plane of the product 


Note 2: (All leads) ^2 applies between 1^ and I 2 . 0b applies be¬ 
tween I 2 and 0.50 in. (12.70 mm) from seating plane. Diameter i: 
uncontrolled in 1^ and beyond 0.50 in. (12.70 mm) from seating 
plane. 


shall be within 0.007 in. (0.178 mm) of their true (losition relative 
to a maximum width tab. 

Note 5: The product may be measured by direct methods or by 
gage. 


Note 3: Measured from maximum diameter of the product. 


Note 6: Tab centerline. 
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RADIAL PACKAGE 



PLASTIC PACKAGES 

PLASTIC TO-5 AND PLASTIC TO-5 WITH HEAT CLIP 



C B E __ 92CS-,92aO 




1 '1 

1— 

♦ 


SYMBOL 

INC 

MIN. 

HES 

MAX. 

MILLIf 

MIN. 

4ETERS 

MAX. 

NOTES 

A 

0.385 

0.395 

9.78 

10.03 


Ai 

0.251 

0.261 

6.37 

6.63 


0b 

0.016 

= 0.019 

0.41 

0.48 

2 

C 

0.( 

»58 

21.79 


Cl 

..750 

= 19.05 


D 

0.305 1 0.315 

7.75 1 8.00 


Dl 

0.300 

7.62 


02 

0.070 

1.77 


03 

0.0329 

0.813 


04 

0.021 

0.041 

0.533 

1.04 


0d 

0.073 

0.077 

1.85 

1.95 


E 

0.145 

0.155 

3.68 

3.94 


e 

0.195 

0.205 

4.95 

5.21 


ei 

0.095 

0.105 

2.41 

2.67 


02 

0.070 

0.080 

1.78 

2.03 


- 1 

0.725 

0.745 

18.41 

18.91 


-^1 

0.125 

0.250 

3.17 

6.35 


0P 

0.112 

0.118 

2.84 

2.99 



NOTE 1: To attach to heat-sink, use a 4-40 bindingr 
head screw and a No. 4 flat washer. The recom¬ 
mended screw torque (for even distribution of 
mounting pressure and optimum thermal contact) 
is 6 in.-lb. 

NOTE 2: Three leads. Leads are pretinned to the 
fi 1 dimension. 

NOTE 3: Load numbering from right to left with 
rectangular metal slug facing observer. 

NOTE 4: Tab to be sheared through and set inward 
as shown. 
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Note 1; (Four leads). Maximum number leads omitted in this outline, 
"none" (0). The number and position of leads actually present are 
indicated in the product registration. Outline designation deter¬ 
mined by the location and minimum angular or linear spacing of any 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.170 

0.210 

4.32 

5.33 


0b 

0.016 

0.021 

0.406 

0.533 

2 

0b2 

0.016 

0.019 

0.406 

0.483 

2 

0D 

0.209 

0.230 

5.31 

5.84 


0Di 

0.176 

0.195 

4.52 

4.95 


e 

0.1W T.P. 

2.54 T.P. 

4 

»1 

0.050 T.P. 

1.27 T.P. 

4 

h 


0.030 


0.762 


i 

0.036 

0.046 

0.914 

1.17 


k 

0.028 

0.048 

0.711 

1.22 

3 

1 

0.500 


12.70 


2 

'1 


0.050 


1.27 

2 

'2 

0.250 


6.35 


2 


45” 

T.P. 

45” 

T.P. 

4, 6 


two adjacent leads. 

Note 2; (All leads) 0 b 2 applies between I ^ and 12 - 0 b applies 
between I 2 and .500" (12.70 mm) from seating plane. Diameter is 
uncontrolled in 1 1 and beyond .500" (12.70 mm) from seating plane. 
Note 3: Measured from maximum diameter of the product. 

Note 4: Leads having maximum diameter .019" (.483 mm) measured in 
gaging plane .054" (1.37 mm) + .001" (.025 mm) - .000" (.000 mm) 


MILLIMETER DIMENSIONS ARE DERIVED 
FROM ORIGINAL INCH DIMENSIONS 

below the seating plane of the product shall be within .007" (.178 mm) 
of their true position relative to a maximum width tab. 

Note 5: The product may be measured by direct methods or by gage. 
Note 6 : Tab centerline. 


SYMBOL 

INCHES 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

0 B 

0.165 

0.175 

4.19 

4.44 


0.115 

0.125 

2.92 

3.17 

0 B 2 

0.090 

0.110 

2.29 

2.79 

4)0 

0.495 

0.505 

12.57 

12.83 

001 

0.245 

0.255 

6.22 

6.48 

0 D 2 

0.055 

0.065 

1.39 

1.65 

0 D 3 

0.245 

0.255 

6.22 

6.48 

F 

0.045 

0.060 

1.14 

1.52 

Fl 

0.025 

0.035 

0.63 

0.88 

F2 

0.145 

0.175 

3.68 

4.44 

L 

0.095 

0.115 

2.41 

2.92 

Li 

0.165 

0.195 

4.19 

4.95 

L2 

0.040 

0.060 

1.02 

1.52 

M 

0.045 

0.055 

1.14 

1.39 

R 

0.027 

0.033 

0.68 

0.83 


MILLIMETER DIMENSIONS ARE DERIVED 
FROM ORIGINAL INCH DIMENSIONS 



TO-215AA 


TERMINAL No. 1 

08 

CERAMIC 

|^0O| 1 

TERMINAL No.Z 

\ L 


1 



r 

pi 

terminal No. 3—- 


m 



n 



REFERENCE POINT-^ 

FOR CASE-TEMERATURE 
MEASUREMENT 

u. 



J L 
002 

0 0 

— 

t 

92CS-I9062 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 


0.118 

0.122 

2.997 

3.098 

1 

eB.j 

0.090 

0.094 

2.286 

2.387 

2 

eO 

0.497 

0.503 

12.624 

12.776 

3 


0.180 

NOM. 

4.57 

NOM. 


0O2 

0.162 

NOM. 

4.11 

NOM. 


F 

0.028 

0.039 

0.71 

0.99 


fi 

0.009 

0.011 

0.229 

0.279 


f2 

0.114 

0.126 

2.90 

3.20 


L 

0.098 

0.104 

2.49 

2.64 


Li 

0.179 

0.191 

4.55 

4.85 



MILLIMETER DIMENSIONS ARE DERIVED 


FROM ORIGINAL INCH DIMENSIONS 


NOTES: 

1. Silver or KOVAR* 

2. Solid silver 

3. Gold plated KOVAR 


‘Trademark, Wastinghouie Electric Carp. 
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TO-216AA 



TERMINAL 

N 0.4 - 

i' 

> 2 1— 

-- L- 



r/^ 

d 


I 

L2 

-4- 

n 




—7^ 

7 ! 

L' 



H J 

/ 

1 1 

TERMINA^ 

TERMINAL 
No. 2 



— 

TERMINAL X t 

i ■■ 1 

.! _ _ . - 

-t 

1 - 


4 1 1 

0| Q 

i SEATING PLANE 



.. ..... .. ^ 1 

♦ w- 

rT“ 

SECTION A-A * 



I 

N 

. 1 

— 1 


•1 

. 1 ...^.__ i ...j. 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.150 

0.230 

3.81 

5.84 

- 

b 

0.195 

0.205 

4.953 

5.207 

- 

bl 

0.135 

0.145 

3.429 

3.683 

- 

b2 

0.095 

0.105 

2413 

2667 

- 

C 

0.004 

0.010 

0.102 

0.254 

3 

oO 

0.305 

0.320 

7 75 

8.12 

5 

oD-) 

0.110 

0.130 

2.80 

3.30 

1 

E 

0.275 

0.300 

6.99 

7.62 

5 

L 

0.265 

0.290 

6.74 

736 

- 

>-2 

0.455 

0.510 

11.56 

12.95 

- 

M 

0.053 

0.064 

1.35 

1.62 

- 

OM 

0.120 

0.163 

3.05 

4.14 

- 

N 

0.425 

0.470 

10.80 

11.93 

- 

Ni 

- 

0.078 

- 

1.98 

4 

N2 

0.110 

0.150 

2.80 

3.81 

- 

Q 

0 120 

0.170 

3.05 

4.31 

- 

Qi 

0.025 

0.045 

0.64 

1.14 

- 

02 

- 

- 

- 

- 

5 

aW 

- 

- 

- 

- 

2 


MILLIMETER DIMENSIONS ARE DERIVED 
FROM ORIGINAL INCH DIMENSIONS 
NOTES. 

1. 0.053 0.064 INCH (1.35 1.62 mm) WRENCH FLAT. 

2. PITCH DIA OF 8 32 UNC 2A COATED THREADS (REF: 
UNITED SCREW THREADS ANS B1 1 1960) THE APPLIED 
TOROUE SHOULD NOT EXCEED 5 IN LBS. CLAMPING 
FORCES MUST BE APPLIED ONLY TO THE FLAT SUR 
FACES OF THE STUD. 

3. TYPICAL FOR ALL LEADS. 

4. LENGTH OF INCOMPLETE OR UNDERCUT THREADS OF 

dW. 

5. BODY CONTOUR OPTIONAL WITHIN Q2, OD, AND E. 


TO-217AA 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.295 

0.325 

7.50 

8.25 


Bl 

0.135 

0.150 

3.43 

3.81 


B2 

0.235 

0.250 

5.97 

6.35 

- 

B3 

0.055 

0.065 

1.40 

1.65 

5 

Ob 

0.020 

0.025 

0.508 

0.635 

4 Pins 

oD 

0.650 

0.680 

16.51 

17.27 

- 

E 

0.360 

0.380 

9.15 

9.65 

- 

e 

0.111 

0.131 

2.82 

3.32 

1 

ei 

0.213 

0.233 

5.42 

5.91 

1 

L 

0.114 

0.133 

2.90 

3.37 

- 

oM 

0.220 

0.249 

5.59 

6.23 

- 

N 

0 420 

0.460 

10.67 

11.68 

-- 

Ni i 

- 

0.090 


2.28 

- 

Q 

- 

0.015 

- 

0.038 

- 

oW 

- 

- 


- 

2 


MILLIMETER DIMENSIONS ARE DERIVED 
FROM ORIGINAL INCH DIMENSIONS 
NOTES: 

1. The pin center-to-center dimensions are measured at the gage plane. 

2. y» in. 28 UNF 2A (Mod). Applied torque not toexceed 12 inch- 
pounds. 

3. This device may be operated in any position. 

4. Seating plate to be flat within 0.003 inches. 

5. Typical 4 places. 
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JEDEC TO-219AA 



JEDEC fO-219AB 
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JEDEC TO-220AA 




JEDEC TO-220AB 




NOTES; 

1. Tab contour optional within H-) and E, 

2. Position of lead to be measured 0.050 - 0.055 in. (1.27 - 1.40 mm) 
below seating plane. 


NOTES: 

1. Tab contour optional within Hi and E. 

2. Position of lead to be measured 0.250 — 0.255 in. (6.35 — 6.48 mm 
from case. 


RCP PLASTIC PACKAGE 




1. Package contour optional within dimensions specified. 

2. Lead dimensions uncontrolled in this zone. 

3. Chamfer on tab optional. 

4. Controlling dimensions: inch. 
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Press-Fit 

6-, 10-, and 15-A Triacs; 20- and 35-A SCR's 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

_ 

0.380 

_ 

9.65 


(t>D 

0.501 

0.510 

12.73 

12.95 


<t>Oi 

- 

0.505 

- 

12.83 

1 

4)D2 

0.465 

0.475 

11.81 

12.07 


J 

_ 

0.750 

- 

19.05 


M 

_ 

0.155 

- 

3.94 


0T 

0.058 

0.068 

1.47 

1.73 


«Ti 

0.080 

0.090 

2.03 

2.29 



NOTE 1: Outer diameter of knurled surface. 

92CS-23I34 


Press-Fit 

25-, 30-, and 40-A Triacs 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

- 

0.380 

- 

9.65 

- 

0D 

0.501 

0.510 

12.73 

12.95 

- 

<frDi 

- 

0.505 

- 

12.83 

1 

<002 

0.465 

0.475 

11.81 

12.07 

- 

J 

0.825 

1.000 

20.95 

25.40 

- 

M 

0.215 

0.225 

5.46 

5.71 

- 

0T 

0.058 

0.068 

1.47 

1.73 

- 

«Ti 

0.138 

0.148 

3.51 

3.75 

- 


NOTE; 

1. Outer diameter of knurled surface. 


92CS-I5207R3 


Press-Fit 

60- and 80-A Triacs 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

- 

0.466 

- 

11.84 


oD 

0.751 

0.760 

19.08 

19.30 


oDi 

- 

0.7535 

- 

19.139 


J 

6.8 NOM. 

172.72 NOM. 

1 

Jl 

6.3 NOM. 

160.02 NOM. 

1 

.-.T 

0.060 

0.065 

1.52 

1.65 


oTi 

0.266 

- 

6.75 

- 


0 T 2 

0.144 

- 

3.70 

- 



NOTE: 

1; Leads J and Jt available at various lengths. For information, 
contact the RCA Sales Office in your locale. 
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Stud 6-, 10, and 15-A Triacs; 20- and 35-A SCR's 



Stud 25-, 30-, and 40-A Triacs 

INSULATING 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.330 

0.505 

8.40 

12.80 


<t> Di 

- 

0.544 

- 

13.81 


E 

0.544 

0.562 

13.82 

14.28 


F 

0.113 

0.200 

2.87 

5.08 


J 

- 

0.950 


24.13 


M 

- 

0 155 


3.94 


N 

0.422 

0.453 

10.72 

11.50 


(t>T 

0.058 

0.068 

1.47 

1.73 


0Ti 

0.080 

0.090 

2.03 

2.29 


0W 

1/4 28 UNF 2A 

1/4 28 UNF 2A 

1 .. 


SEATING PLANE 92CS-23I35 


NOTE 1: <1>\N ii pitch diameter of coated threads. 
REF. Screw-Thread Standard for Federal Services 
Handbook H28, Part I 
Recommended torque: 35 inch-pounds. 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.330 

0.505 

8.4 

12.8 

- 

«Di 

- 

0.544 

- 

13.81 

- 

E 

0.544 

0.562 

13.82 

14.28 

- 

F 

0.113 

0.200 

2.87 

5.08 

- 

J 

0.950 

1.100 

24.13 

27.94 

- 

M 

0.215 

0.225 

5.46 

5.71 

- 

N 

0.422 

0.453 

10.72 

11.50 

- 

0>T 

0.058 

0.068 

1.47 

1.73 

- 

<j>T\ 

0.138 

0.148 

3.51 

3.75 

- 


1/4-28 

JNF 2A 

1/4 28 UNF 2A 

’ 1 


1. 0W is pitch diameter of coated threads. 


REF: Screw-Thread Standards for Federal Services. Handbook H28. 
Part 1. Recommended Torque: 25 inch-pounds. 


Stud 60- and 80-A Triacs 


NOTES: 

1: Leads J and Ji available at various lengths. For information, 
contact the RCA Sales Office in your locale. 

2: is pitch diameter of coated threads. REF: Screw Thread 

Standard for Federal Services. Handbook H 28 Part I. 
Recommeniled torque: 125 inch-pounds. 


SYMBOL 

INCHES 

MILLIMETERS 


MIN. 

MAX. 

MIN. 

MAX. 

NultS 

A 

_ 

0.620 

- 

15.75 


dO 

0.751 

0.760 

19.08 

19.30 


E 

0.866 

0.872 

21.99 

22.14 


F 

0.182 

0.192 

4.62 

4.87 


J 

6.8 NOM. 

172.72 NOM. 

1 

Jl 

6.3 NOM. 

160.02 NOM. 

1 

N 

0.740 

0.760 

18.79 

19.30 


OT 

0.060 

0 065 

1.52 

1.65 



0.266 

- 

6.75 

- 


0T2 

0.144 

- 

3.70 

- 


0W 

’^20 

NF2A 

Vi 20 

NF 2A 

2 



TEMPERATURE 
MEASUREMENT 
POINT 92CM-22eM 
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Isolated-Stud 6-, 10-, and 15-A Triacs; 20- and 35-A SCR's 




0.200 

0.422 

0.058 

0.080 

0.138 


1/4-28 UNF 2A 


MILLIMETERS 


15.59 
12.82 
14.14 
4.69 
26.79 
3.94 
5.33 
11.48 
1.73 
2.29 
3.75 
1/4-28 UNF 2A 


Isolated-Stud 
25-, 30-, and 40-A Triacs 


INSULATING MATERIAL 


NOTE 1: (> W is pitch diameter of coated threads. 

REF. Screw-Thread Standard for Federal Services 
Handbook H28, Part I. 

Recommended torque: 35 inch-pounds. 

NOTE 2. 

Isolating material (ceramic) between hex (stud) and terminal 
No. 3 is beryllium oxide. Minimum isolation breakdown 
voltage is 2100 V rms for 1 minute duration. 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

- 

0.673 

- 

17.09 

- 

OD 

0.604 

0.614 

15.34 

15.59 

- 

OOt 

0.501 

0.505 

12.72 

12.82 

- 

E 

0.551 

0.557 

13.99 

14.14 

- 

F 

0.175 

0.185 

4.44 

4.69 

- 

J 

- 

1.298 

- 

32.96 

- 

M 

0.210 

0.230 

5.33 

5.84 

- 

Ml 

0.200 

0.210 

5.08 

5.33 

- 

N 

0.422 

0.452 

10.72 

11.48 

- 

OT 

0.058 

0.068 

1.47 

1.73 

- 

OTi 

0.125 

0.165 

3.18 

4.19 

- 

<5T2 

0.138 

0.148 

3.50 

3.75 

- 

dW 

’/4 28 UNF 2 A 

’/4-28 UNF 2 A 

1 


1. is pitch diameter of coated threads. 

REF: Screw-Thread Standards for Federal Services, Handbook 
H28, Parti. Recommended Torque: 25 inch-pounds. 


Isolated-Stud 60- and 80-A Triacs 

NOTES. 

1: Leads J and J-j available at various lengths. For information, 
contact the RCA Sales Office in your locale. 

2: OW is pitch diameter of coated threads. REF: Screw Thread 
Standards for Federal Services. Handbook H 28 Part I. 


2. Isolating material (ceramic) between hex (stud) and terminal 
No. 3 it beryllium oxide. Minimum isolation breakdown 
voltage it 2100 V rms for 1 minute duration. 


Recommended torque: 125 inch-pounds. 

;: Isolating material (ceramic) between hex (stud) and terminal | 
No. 3 is beryllium oxide. Minimum isolation breakdown 
voltage is 2100 V rms for 1 minute duration. 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

_ 

0.710 

- 

18.03 


00i 

0.751 

0.760 

19.08 

19.30 


E 

0.866 

0.872 

21.99 

22.14 


F 

0.182 

0.192 

462 

4.87 


J 

6.8 NOM. 

172.72 NOM 

1 

•ll 

6.3 NOM. 

160.02 NOM 

1 

M 

0.376 

0.385 

962 

9 78 


N 

0.740 

0.760 

18.79 

1930 


'.-.T 

0.060 

0.065 

1.52 

1.65 


oTi 

0 266 

- 

6.75 

- 


0T2 

0.144 

- 

3.70 

- 


0T3 

0.195 

0.205 

4.95 

5.20 


ow 

%20 

NF 2A 

%20 

NF 2A 

2 


TEMPERATURE 
SEATING..^' MEASUREMENT 
PLANE POINT 
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HF-28 



SYMBOL 

INCHES 

MILLIMETERS { 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.225 

0.250 

5.72 

6.35 

B 

0.145 

0.160 

3.69 

4.06 

Bl 

0.165 

0.180 

4.20 

4.57 

C 

0.004 

0.010 

0.102 

0.254 

D 

0.657 

0.667 

16.69 

16.94 

Dl 

0.190 

0.210 

4.83 

5.33 

E 

0.155 

0.165 

3.94 

4.19 

El 

0.140 

0.165 

3.56 

4.19 

F 

0.058 

0.063 

1.48 

1.72 

L 

0.235 

0.265 

5.97 

6.73 

0P 

0.090 

0.096 

2.286 

2.438 

Q 

0.062 

0.077 

1.58 

1.95 

q 

0.420 

0.440 

_1 

10.67 

11.17 


MILLIMETER DIMENSIONS ARE DERIVED 
FROM ORIGINAL INCH DIMENSIONS 


HF-31 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.090 

0.135 

2.29 

3.42 

- 

B 

0.195 

0.205 

4.96 

5.20 

- 

Bl 

0.135 

0.145 

3.43 

3.68 

- 

B2 

0.095 

0.105 

2.42 

2.66 

- 

C 

0.004 

0.010 

0.11 

0.25 

1 

<t>0 

0.305 

0.320 

7.48 

8.12 

- 

E 

0.275 

0.300 

6.99 

7.62 

- 

L 

0.265 

0.290 

6.74 

7.36 

- 

Li 

0.455 

0.510 

11.56 

12.95 

- 

Q 

0.055 

0.070 

1.40 

1.77 

- 

Qi 

0.025 

0.045 

0.64 

1.14 

- 


MILLIMETER DIMENSIONS ARE DERIVED 
FROM ORIGINAL INCH DIMENSIONS 
NOTE: 1. TYPICAL FOR ALL LEADS 

92SS-4462 R1 



SYMBOL 

INCHES 

MILIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.160 

0.210 

4.07 

5.33 


b 

0.135 

0.145 

3.429 

3.683 


bl 

0.095 

0.105 

2.413 

2.667 


c 

0.004 

0.010 

0.102 

0.254 

1 

0D 

0.305 

0.320 

7.75 

8.12 


E 

0.275 

0.300 

6.99 

7.62 


»=1 

0.057 

0.067 

1.448 

1.701 


L 

0.455 

0.510 

11.56 

12.95 


0P 

0.115 

0.125 

2.921 

3.175 


Q 

0.085 

0.105 

2.16 

2.66 


Qi 

- 

- 

- 

- 

2 

q 

0.590 

0.610 

14.99 

15.49 


R 

0.115 

0.125 

2.921 

3.175 



MILLIMETER DIMENSIONS ARE DERIVED 
FROM ORIGINAL INCH DIMENSIONS 

NOTES: 1. TYPICAL TWO LEADS. 

2. BODY CONTOUR OPTIONAL WITHIN Qi, 0 D, 
ANDE. 











652 


RCA Solid-State Devices Manual 


HF-36 



92CS-19419 



INCHES 

MILLIMETERS 



MIN. 

MAX. 

MIN. 

MAX. 


A 

0.185 

0.240 

4.70 

6.11 

- 

B 

0.195 

0.205 

4.96 

5.20 

- 

Bl 

0.135 

0.145 

3.43 

3.68 

- 

B2 

0.095 

0.105 

2.42 

2.66 

- 

C 

0.004 

0.010 

0.11 

0.25 

3 

* D 

0.319 

0.335 

8.12 

8.52 

- 

^Di 

0.033 

0.065 

0.84 

1.65 

1 

♦ D2 

0.305 

0.320 

7.48 

8.12 

- 

E 

0.275 

0.300 

6.99 

7.62 

- 

G 

0.635 

0.730 

16.11 

18.51 

- 

L 

0.265 

0.290 

6.74 

7.36 

- 

Li 

0.455 

0.510 

11.56 

12.95 

- 


0.120 

0.163 

3.05 

4.14 

- 

N 

0.450 

0.490 

11.41 

12.45 

- 

Ni 

- 

0.078 

- 

1.98 

4 

N2 

0.095 

0.135 

2.42 

3.43 

- 

Q 

0.145 

0.170 

3.68 

4.31 

- 

Qi 

0.025 

0.045 

0.64 

1.14 

i 


0.1399 

0.1437 

3.531 

3.632 

2 


MILLIMETER DIMENSIONS ARE DERIVED 
FROM ORIGINAL INCH DIMENSIONS 
NOTES. 1. 0.053-0.064 INCH (1.35 - 1.62 mm) WRENCH FLAT, 

2. PITCH DIA. OF 8-32 UNC 2A COATED THREAD. (ASA B1. 1 1960). 

3. TYPICAL FOR ALL LEADS. 

4. LENGTH OF INCOMPLETE OR UNDERCUT THREADS OF ^ W 

5. RECOMMENDED TORQUE. 5 INCH-POUNDS 


HF-40 




SYMBOL 

INCHES 

MILLIMETERS 1 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.260 

0.280 

6.604 

7.112 

b 

0 153 

0.157 

3.866 

3.987 

bl 

0.210 

0.220 

5.334 

5.588 

b2 

0 203 

0.207 

5.156 

5,257 

c 

0.006 

0.007 

0.153 

0,178 

D 

0.240 

0.250 

6.096 

6,350 

...D 

0490 

0.510 

12.446 

12.954 

e 

0070 

0.080 

1 778 

2.032 

ei 

0.045 

0.055 

1.143 

1.397 

F 

0,165 

0,185 

4.191 

4.699 

L 

0.970 

0.990 

24.638 

25.146 

*-2 

1.430 

1.470 

36.322 

37.338 

•-3 

0.070 

0.080 

1.778 

2.032 

oP 

0.115 

0.125 

2.921 

3.175 

9 

0,723 

0.728 

18.364 

18.491 

R 

0.120 

0,130 

3.048 

3.302 

B 

_. . 

45° 1 


MILLIMETER DIMENSIONS ARE DERIVED 
FROM ORIGINAL INCH DIMENSIONS 


92CS-20666 
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HF-41 



SYMBOL 

INCHES 

MILLIMETERS 


MIN. 

MAX. 

MIN. 

MAX. 

A 

0.185 

0.215 

4.70 

5.46 

Al 

0.114 

0.122 

2.90 

3.10 

B 

0.380 

0.390 

9.66 

9.90 

b 

0.220 

0.230 

5.58 

5.84 

C 

0.002 

0.008 

0.05 

0.20 

</>D 

0.270 

0.290 

6.86 

7.38 


0.245 

0.255 

6.22 

6.48 

L 

1.040 

1.060 

26.42 

26.93 

L2 

0.520 

0.530 

13.20 

13.45 

M 

0.058 

0.062 

1.47 

1.57 

Ml 

C.056 

0.064 

1.42 

1.62 

N 

0.445 

0.455 

11.29 

11.55 

N2 

0.125 

0.135 

3.18 

3.43 

Q 

0.070 

0.090 

1.78 

2.28 

al 

450 noM. 

45° NOM. 

“2 

450 nOM. 

45° NOM. 


MILLIMETER DIMENSIONS ARE DERIVED 
FROM ORIGINAL INCH DIMENSIONS 
NOTE: PITCH DIA. OF 8-32 UNF-2A COATED 
THREAD (ASA B1. M960) 



SYMBOL 

INCHES 

MILLI^ 

1ETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.250 

0 275 

6 35 

6.98 

Al 

0 163 

0.173 

4.141 

4.394 

B 

0 299 

0.307 

7.595 

7.797 

b 

0.221 

0.229 

5.614 

5.816 

bl 

0.110 

C.115 

2 794 

2.921 

C 

0.0045 

0.006 

0.113 

0.152 

(pD 

0.370 

0.390 

9.40 

9.90 

0Di 

0.320 

0330 

8.128 

8.382 

L 

1.040 

1.055 

26.42 

26.79 

L2 

0.520 

0.530 

13.208 

131^62 

M 

0.070 

0.080 

1.778 

2.032 

Ml 

0.055 

0.065 

1.397 

1.651 

N 

0.455 

0.475 

11.56 

12.06 

N2 

0.100 

0.130 

2.54 

3.30 

Q 

0.085 

0.095 

2 159 

2.413 

ai ■ 

45 r 

aOM. 

45 r 

JOM. 


MILLIMETER DIMENSIONS ARE DERIVED 
FROM ORIGINAL INCH DIMENSIONS 


NOTE: PITCH DIA, OF 8 32 UNC 2A COATED THREAD 
(ASA B1. 1 1960) 


92CS- 
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HF-46 



SYMBOL 

INCHES 

MILLIMETERS 

Min. 

Max. 

Min. 

Max. 

A 

0.155 

0.165 

3.937 

4.191 

A1 

0.120 

0.140 

3.05 

3.55 

♦B 

0.225 

0.240 

5.72 

6.00 


0.160 

0.180 

4.07 

4.57 

C 

0.055 

0.065 

1.397 

1.651 

D 

0.790 

0.810 

20.07 

20.57 

D1 

0.113 

0.117 

2.871 

2.971 

D2 

0.028 

0.032 

0.712 

0.812 

E 

0.240 

0.260 

6.10 

6.60 

L 

0.740 

0.760 

18.80 

19.30 

♦P 

0.120 

0.132 

3.26 

3.35 

Q 

0.005 Norn. 

0.127 Nom. 

q 

0.557 

0.567 

14.15 

14.40 


MILLIMETER DIMENSIONS ARE DERIVED 
FROM ORIGINAL INCH DIMENSIONS 


HF-47 








SYMBOL 

INCHES 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.127 

0.153 

3.23 

3.89 

Al 

0.056 

0.060 

1.43 

1.53 

B 

0.380 

0.390 

9.66 

9.90 

b 

0.220 

0.230 

5.58 

5.84 

C 

0.002 

0.008 

0.05 

0.20 

<pD 

0.270 

0.290 

6.86 

7.38 


0.245 

0.255 

6.22 

6.48 

L 

1.040 

1.060 

26.42 

26.93 

1-2 

0.520 

0.530 

13.20 

13.45 

Q 

0.070 

0.090 

1.78 

2.28 


450 NOM. 

450 nom. 

“2 

450 nom. 

450 NOM. 


MILLIMETER DIMENSIONS ARE DERIVED 
FROM ORIGINAL INCH DIMENSIONS 


>-21068 
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HF-50 



HF-55 



SYMBOL 

INCHES 

MILLIMETERS | 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0890 

0.910 

22.61 

23.11 

B 

0.645 

0.655 

16 39 

16.63 

C 

0.390 

0.405 

9.91 

10.29 

D 

0.045 

0.055 

1.14 

1.35 

E 

0.004 

0.010 

0.10 

0.25 

OF 

0.117 

0.125 

2.97 

3.17 

G 

0.390 

0.410 

9.91 

10.41 

H 

0.115 

0.150 

2 92 

3.81 

J 

0.057 

0.067 

1.45 

1.70 

K 

0.110 

0.130 

2.79 

3.30 

L 

0.150 

0.230 

3.81 

5.84 

N 

0.135 

0.145 

3.23 

3.68 


MILLIMETER DIMENSIONS ARE DERIVED 
FROM ORIGINAL INCH DIMENSIONS 


92CS-; 
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SYMBOL 

INCHES 

MILLIMETERS 

Min. 

Max. 

Min. 

Max. 

A 

0.155 

0.165 

3.937 

4.191 

A1 

0.120 

0.140 

3.05 

3.55 

oB 

0.225 

0.240 

5.72 

6.00 


0.160 

0.180 

4.07 

4.57 

C 

0.055 

0.065 

1.397 

1.651 

D 

0.790 

0.810 

20.07 

20.57 

D1 

0.113 

0.117 

2.871 

2.971 

02 

0.028 

0.032 

0.712 

0.812 

E 

0.240 

0.260 

6.10 

6.60 

L 

0.440 

0.460 

11.18 

11.68 

oP 

0.120 

0.132 

3.26 

3.35 

Q 

0.005 Norn. 

0.127 Nom. 

q 

0.557 

0.567 

14.15 

14.40 



MILLIMETER DIMENSIONS ARE DERIVED 
FROM ORIGINAL INCH DIMENSIONS 


92CM-23960R1 


HYBRID-CIRCUIT PACKAGE 



DIMENSIONS IN INCHES AND 

MILLIMETERS (VALUES IN PARENTHESES) 92CS-ie03rB2 


• TERMINALS 6 AND II ARE CONNECTED INTERNALLY 
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Ceramic Fiat Packs 


OPTIONAL END 
COMPIC. TYPICAL 



1. Refer to Rules for Dimensioning Peripheral Lead Outlines. 

2. Leads within .005” (.12 mm) radius of True Position (TP) at 
maximum material condition. 

3. N IS the maximum quantity of lead positions. 

4. Z and Z] determine a zone within which all body and lead 
irregularities lie. 


JEDEC MO-004-AF 14-LEAO 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.008 

0.100 


0.21 

2.54 

B 

0.015 

0.019 

1 

0.381 

0.482 

C 

0.003 

0.006 

1 

0.077 

0.152 

e 

0.050 TP 

2 

1.27 TP 

E 

0.200 

0.300 


5.1 

7.6 

H 

0.600 

1.000 


15.3 

25.4 

L 

0.150 

0.350 


3.9 

8.8 

N 

14 

3 

_14_ 

Q 

0.005 

0.050 


0.13 

1.27 

S 

0.000 

0.050 


0.00 

1.27 

Z 

0.300 

4 

7.62 1 

Zl 

0.400 

4 

10.16 1 


92SS-4300RI 



92CS-I727IRI 


24-LEAD 


SYMBOL 

INCHES 


MILLIMETERS | 

MIN. 

MAX. 


MIN. 

MAX. 

A 

0.075 

0.120 


1.91 

3.04 

B 

0.018 

0.022 

1 

0.458 

0.558 

C 

0.004 

0.007 

1 

0.102 

0.177 

e 

0.050 TP 

2 

1.27 TP 

E 

0.600 

0.700 


15.24 

17.78 

H 

1.150 

1.350 


29.21 

34.29 

L 

0.225 

0.325 


5.72 

8.25 

N 

24 

3 

24 

Q 

0.035 

0.070 


0.89 

1.77 

S 

0.060 

0.110 

1 

1S3 

2.79 

Z 

0.700 

4 

17.78 

Zl 

0.750 

4 

19.05 


92CS-I9949 


28-LEAO 



When these devices are supplied solder-dipped, the maximum lead thickness (narrow portion) will not exceed 0.013” 
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Ceramic Dual-in-Line Packages 




NOTES: 

1. Refer to Rules for Dimensioning (JEDEC Publication No. 13) 
for Axial Lead Product Outlines. 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) at 
gauge plane with maximum material condition and unit installed. 

3. e/i^ applies in zone L2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. Ni is the quantity of allowable missing leads. 


JEDEC MO-001-AD 
14Lead Welded-Seal 








BMW 


■■ 












WBM 






Kfli 






HI 



■■■ 





■oWii 




mam 






l9i 






■■ 




wm 


H 


mam 



HHI 






m 


'ISBSIIi 



|H9|| 

hki 

K3H 

lESBI 

HH 


■a 

■■KIIIIHI 



jHH 

ma 









■■ 



IH 




92SS-44IIRI 


JEDEC MO-001-AE 
16-Lead Welded-Seal 



INCHES 


MILLIMETERS 


MIN. 

MAX. 

NOTE 

MIN. 

MAX. 

A 

0.120 

0.160 


3.05 

4.06 

Al 

0.020 

0.065 


0.51 

1.65 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.035 

0.065 


0.89 

1.65 

C 

0.008 

0.012 


0.204 

0.304 

D 

0.745 

0.785 


18.93 

19.93 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

ei 

0.100 TP 

2 

2.54 TP 


0.300 TP 

2, 3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

•-2 

0.000 

0.300 


0.000 

0.76 

a ' 

0° 

15° 

4 

0° 

15° 

N 

16 

5 


6 

N, 


0 

6 


0 

Qi 

0.050 

0.085 


1.27 

2.15 

s 

0.015 

0.060 


0.39 

1.52 


92SS-4286R2 


When these devices are supplied solder-dipped, the maximum lead thickness (narrow portion) will not exceed 0.013". 
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Ceramic Dual-in-Line Packages (Cont'd) 



NOTES: 

1. REFER TO RULES FOR DIMENSIONING 
(JEDEC PUBLICATION No. 13) AXIAL LEAD 
PRODUCT OUTLINES. 

2. WHEN BASE OF BODY IS TO BE ATTACHED 
TO HEAT SINK. TERMINAL LEAD STAND 
OFFS ARE NOT REOUIRED AND A^ = 0. 
WHEN Ai » 0, THE LEADS EMERGE FROM 
THE BODY WITH THE B^ DIMENSION AND 
REDUCE TO THE B DIMENSION ABOVE THE 
SEATING PLANE. 

3. ei AND OA APPLY IN ZONE L2 WHEN UNIT 
INSTALLED. LEADS WITHIN .005" RADIUS 
OF TRUE POSITION (TP) AT GAUGE PLANE 
WITH MAXIMUM MATERIAL CONDITION. 

4. APPLIES TO SPREAD LEADS PRIOR TO 
INSTALLATION. 

5. N IS THE MAXIMUM QUANTITY OF LEAD 
POSITIONS. 

6. Ni IS THE QUANTITY OF ALLOWABLE 
MISSING LEADS. 


24-Lead Weided-Seal 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS | 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.090 

0.150 


2.29 

3.81 

Al 

0.020 

0.065 

2 

0.51 

1.85 

B 

0.015 

0.020 


0.381 

0.508 

Bl 

0.045 

0.055 


1.143 

1.397 

C 

o.ooe 

0.012 


0.204 

0.304 

0 

1.15 

1.22 


29.21 

30.98 

E 

0.600 

0.625 


15.24 

15.87 

El 

0.480 

0.520 


12.20 

13.20 

•1 

0.100 TP 

3 

2.54 TP 

•A 

0.600 TP 

3 

15.24 TP 

L 

0.100 

0.180 


2.54 

4.57 

1-2 

0.000 

0.030 

3 

0.00 

0.76 

a 

0° 

150 

4 

0° 

150 

N 

24 


2 

4 

Nl 



6 


9 

Qi 

0.020 

0.080 

! 

0.51 

2.03 

s 

0.020 

a060 


0.51 

1.52 


92CS-I9948 


JEDEC MO-015-AH 
28Lead Welded-Seal 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

.100 

.200 

2.6 

5.0 


Al 

.000 

.070 

0 

1.77 


B 

.015 

.020 

.381 

.508 


81 

.015 

.055 

.39 

1.39 


C 

.008 

.012 

.204 

.304 


0 

1.380 

1.420 

35.06 

36.06 


E 

.600 

.625 

15.24 

15.87 


El 

.485 

.515 

12.32 

13.08 


•1 

.100 TP 

2.54 TP 

3 

•A 

.600 TP 

15.24 TP 

3 

L 

.100 

.200 

2.6 

5.0 


*-2 

.000 

.030 

0 

.76 


a 

0 

15 

0° 

150 

4 ^ 

N 

28 

28 

5 


0 

0 

6 

Qi 

.020 

.070 

.51 

1.77 


S 

.040 

.070 

1.02 

1.77 


See Note 





92CM-20250 


When these devices are supplied solder-dipped, the maximum lead thickness (narrow portion) will not exceed 0.013" 
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Ceramic Dual-in-Line Packages (Cont'd) 



NOTES 

1. Refer to Rules for Dimensioning (JEOEC 
Publication No. 13) for Axial Lead Pro¬ 
duct Outlines. 

2. Leads witfiin 0.005" (0.12 mm) radius 
of True Position (TP) at gauge plane with 
maximum material condition and unit 
instaliad. 


JEDEC MO-001-AC 
16-Lead 

(except types CD4026AF, CD4029AF, 
CD4031AF, CD4033AF) 


SYMBOL 

1 INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.155 

0.200 


3.94 

5.08 


0.020 

0.050 


0.51 

1.27 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.035 

0.065 


0.89 

1.65 

C 

0.008 

•0.012 


0.204 

0.304 

D 

0.745 

0.785 


18.93 

19.93 

E 

0.300 

0.325 


7.62 

8.25 

Bl 

0.240 

0.260 


6.10 

6.60 

ei 

0.100 TP 

2 

2.54 TP 

«A 

0.300 TP 

2,3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

•-2 

0.000 

0.030 


0.000 

0.76 

a 

0° 

150 

4 

0° 

15° 

N 

16 

5 


6 

Nl 


0 

6 


0 

Qi 

0.040 

0.075 


1.02 

1.90 

s 

0.015 

0.060 


0.39 

1.52 


92CM-IS967RI 


3. OA appli** in zone L 2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the ntaximum quantity of lead positions. 

6. Nt is the quantity of allowable missing leads. 

7. By applies to alt leads except die four end 
leads which have one-half the normal width 
(Bt min. « 0.(K5 in.) 


JEDEC MO-001-AB 
14-Lead 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS | 

MIN. 

MAX. 


MIN. 

MAX. 

A 

0.155 

0.200 


3.94 

5.08 

Al 

0.020 

0.050 


0.51 

1.27 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.050 

0.065 


1.27 

1.65 

C 

0.008 

•0.012 


0.204 

0.304 

D 

0.745 

0.770 


18.93 

19.55 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

ei 

0.100 TP 

2 

2.54 TP 

eA 

0.300 TP 

2,3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

L2 

0.000 

0.030 


0.000 

0.76 

a 

00 

150 

4 

00 

150 

N 

14 

5 

14 

Ni 


0 

6 


0 

Qi 

0.040 

0.075 


1.02 

1.90 

s 

0.065 

0.090 


1.66 

2.28 


92SS-4296RI 


Wyhen these devices are supplied solder-dipped, the 


JEDEC MaOOI-AG 
16-Lead 

(Types CD4026AF, CD4029AF, 
CD4031AF, CD4033AF) 



INCHES 


MILLIMETERS 


MIN. 

MAX. 


MIN. 

MAX. 

A 

at 65 

0.210 


4.20 

633 

Al 

0.015 

0.045 


0.381 

1.14 

B 

0.015 

0.020 


0.381 

0.508 

Bl 

0.045 

0.070 

7 

1.15 

1.77 

C 

0.009 

• 0.011 


0.229 

0279 

D 

0.750 

0.795 


19.05 

20.19 

E . 

0.295 

0.325 


7.50 

8.25 

El 

0.245 

0.300 


6.23 

7.62 

•1 

0.100 TP 

2 

2.54 TP 

•A 

0.300 TP 

2,3 

7.62 TP 


0.120 

0.160 


3.05 

4.06 

L2 

0.000 

0.030 


0.000 

0.76 


20 

15° 

4 

20 

150 

N 


16 

5 


6 

Nl 


0 

6 


0 

Qi ; 

0.050 

0.080 


1.27 

2.03 

S 

0.010 

0.060 


0.254 

1.52 


92CM-22284 


This outline differs from the standard 16- 
Lead frit-seal ceramic package MO-001-AC 
as indicated by the values in italics shown 
in the chart above. 


lead thickness (narrow portion) will not exceed 0.013". 
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Ceramic Dual-in-Line Welded Seal 


IS-Lead Side-Brazed 



note: dimensions in parentheses are in millimeters and 

ARE DERIVED FROM THE BASIC INCH DIMENSIONS 


Plastic Dual-in-Line Packages 



NOTES: 

1. Refer to Rules for Dimensioning (JEDEC Publication No. 13) 
for Axial Lead Product Outlines. 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) at 
guage plane with maximum material condition and unit installed. 

3. e/^ applies in zone L 2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. Ni is the quantity of allowable missing leads. 


JEDEC MO-001-AB 
14-Lead 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.155 

0.200 


3.94 

5.08 

- 

0.020 

0.050 


0.51 

1.27 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.050 

0.065 


1.27 

1.65 

C 

0.008 

• 0.012 


0.204 

0.304 

D 

0.745 

0.770 


18.93 

19.55 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

ei 

0.100 TP 

2 

2.54 TP 

CA 

0.300 TP 

2, 3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

L2 

0.000 

0.030 


0.000 

0.76 

a 

00 

150 

4 

00 

150 

N 

1 

4 

5 

14 

Ni 


0 

6 


0 

Qi 

0.040 

0.075 


1.02 

1.90 

s 

0.065 

0.090 


1.66 

2.28 


92SS-4296RI 


JEDEC MO-001-AC 
16-Lead 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.155 

0.200 


3.94 

5.08 

Al 

0.020 

0.050 


0.51 

1.27 

B 

0.014 

0.020 


0.356 

0.508 

B) 

0.035 

0.065 


0.89 

1.65 

C 

0.008 

• 0.012 


0.204 

0.304 

D 

0.745 

0.785 


18.93 

19.93 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

ei 

0.100 TP 

2 

2.54 TP 

®A 

0.300 TP 

2.3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

^2 

0.000 

0.030 


0.000 

0.76 

a 

0° 

150 

4 

OP 

15° 

N 

16 

5 

16 

Ni 


0 

6 


0 

Qi 

0.040 

0.075 


1.02 

1.90 

S 

0.015 

0.060 


0.39 

1.52 


92CM-I5967RI 


When these devices are supplied solder-dipped, the maximum lead thickness (narrow portion) will not exceed 0.013". 
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MODIFIED le-LEAD QUAD-IN-LINE PLASTIC PACKAGE 
WITH INTEGRAL BENT DOWN WING-TAB HEAT SINK 



DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 

92CM-25\^44 


MODIFIED 16-LEAD QUAD-IN-LINE PLASTIC PACKAGE 
WITH INTEGRAL FLAT WING-TAB HEAT SINK 



DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 


92CM 2504 5 
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JEDEC MO-002-AL 8-LEAD TO-5 STYLE 



•—do —^ 


BASE, 

ftlKt \ 

SEATING 

PLANE /~ 


i'rr'.f 


ILx 



92CS-I943I 


NOTES 

1 Ref«r to Rules (or Dimensioning Axial Lead Product Outlines 

2. Leads at gauge plane within 0.007" (0.1 78mml radius of True 
Position (TPI at maximum material condition 

3. 0B applies between Li and L2 0 B 2 applies between L 2 and 
0.500" (12.70mm) from seating plane Diameter is uncontrolled 
m Li and beyond 0.500" (12 70mm) 

4. Measure from Max 0D. 

5. Ni IS the quantity of allowable missing leads 

6 . N IS the maximum quantity of lead positions. 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. 1 MAX 

MIN. 1 MAX 

a 

0.200 TP 

2 

5 88 TP 

Ai 

0010 

0.050 


0.26 

1 27 

A2 

0 165 

0 185 


4 20 

4 69 

oB 

0016 

0019 

3 

0 407 

0482 

OB^ 

0 125 

0 160 


3 18 

4 06 

0B2 

0.016 

0021 

3 

0.407 

0.533 

OD 

0.335 

0 370'^ 


8.51 

9 39 

OD 

0.305 

0335 


7 75 

8 50 

fl 

0 020 

0 040 


051 

1.01 

' ) 

0028 

0034 


0 712 

0 863 

k 

0029 

0 045 

4 

0 74 

1 14 

Li 

0000 

0 050 

3 

000 

1.27 

‘-2 

0.250 

0500 

3 

64 

12 7 

1-3 

0 500 

0 562 

3 


14 27 

• 

45° TP 


r 4 ^ 

b y.p 

N 

8 

6 

8 

Nl 

3 

5 

3 


8-LEAD TO-5 STYLE WITH DUAL-IN-LINE FORMED LEADS (DIL-CAN) 
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12-LEAD TO-5 STYLE PACKAGE JEDEC MO-006-AG 



8-LEAD DUAL-IN-LINE PLASTIC PACKAGE (MINI-DIP) 



8-LEAD DUAL-IN-LINE FRIT-SEAL 
PACKAGE 


SEATING PLANE 
GAUGE PLANE 



TlTI^ 


Lc 


SYMBOL 

INCHES 

MIN. 1 MAX. 

MILLIMETERS 
MIN. 1 max: 

A 

0 155 

0.200 

3.94 

506 

A, 

0020 

0.050 

0.506 

1 27 

B 

0014 

0.020 

0.366 

0506 

Bl 

0.050 

0 065 

1.27 

1 65 

C 

oooe 

0.012 

0 203 

0 304 

D 

0376 

0.396 

9.55 

10.05 

E 

0315 

0.345' 

8.00 

8.76 

E, 

0 240 

0 260 

6.10 

6.60 

*1 

0 100 TP 2 

2 54 TP 

«A 

0 300 TP 2,3 

7 62 TP 

L 

0 100 

0 150 

2.54 

3.81 

•-2 

0000 

0.030 

0.000 

0.762 

a 

QO 

15® 4 

CP 

15® 

N 


8 5 


8 

N, 


0 6 


0 

Q, 

0040 

0075 

1.02 

1 90 

S 

0.020 

0 060 

0.508 

1.52 

s in zone 

L2 when unit installed. 

dZCM- 

20827 


1. Refer to Rules fur Dimensioning (JEDEC Publication No. 13) ^ ^ 

for Axial Lead Product Outlines ^ Oapplies to spread leads prior to installation 

2 Leads within 0 005 (0 12 mm) radius of True Position (TP) at ^ N is the maximum quantity of lead positions 

guage plarte with maximum material condition and unit installed. 6. is the quantity of allowable missing leads. 
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E B ' 


.240 

— ^ 

.240 

— 




T 

TO-I 

410 

TO-I 

.410 

TOT 

1.5 

Tir 

1.5 

000_ 

MIN. 

DUO.. 

MIN. 


CATHODE ANODE 

/92CS-25622 




-.360- 


K.360- 


TO-45 

.375 

_L 

TO-7 

.375 

w 

.172 MIN. 

IWT 

1.5 


r 

811 L, 

MIN. 


Ea rC E-^ 7^ 



INTERLEAD 
SHIELD 
92CS-25307 



f-.366-^ 


|[ TO-5 

Tirf 

iii 


.985 

MIN. 


CATHODE 


e GATE 


ANODE 
(CASE) 

92CS-25309 


[-.370-f 




T~ 


TO-5 i 

.260 

u u u 

D D 0_ 

0.5 MIN. 




-.370- 

1 

1 

TO-5 

pso 

u u u 

0 0 D. 

.970 MIN. 
_L 


MAIN 

TERMINAL 
No. I 



GATE 

MAIN 
TERMINAL 
No.2 (CASE) 


. 370 -^ 


TO-5 


.260 


D D. 


.970 MIN. 

_1_ 


TO-72 


~V 

.210 

f 

.5 MIN. 
. ± 


SOURCE 


MAIN 

TERMINAL 
No. I 




CASE, 

AND SUBSTRATE 
92CS-25313 




CASE 

92CS-25314 


1 230 i* 


TO-72 


r 

.210 

I 

.5 MIN. 
f 


GATE No 2 

DRAIN 


TTi 


0.5 

MIN 


GATENo.l C. E 


CASE. SOURCE 
AND SUBSTRATE 
92CS-25315 


92CS-253i6 




t^DRAIN 

^GATE 

L- SOURCE 92CS-253I7 



C 

92CS-29318 
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92CS-25319 





92CS-25326 
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RECTANGULAR 
METAL FLANGE 
(PART OF PLASTIC 
PACKAGE) 



92CS-25328 


^ T0-220AB 

.190 
f 

MOUNTING main 
FLANGE TERMINAL No. I 




T0-220AB 



MOUNTING 

FLANGE 

CATHODE 


410 


.121DIA. ANODE 



92CS*25698 
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03 

92CS-25342 



92CS-2S343 


CATHODE Q 

00-2 6 n 


METAL CASE 
/ * WITH \ 
INSULATING 
V SLEEVE / 


1.4 

MIN. 




PLASTIC 

CASE 




92CS-25340 



.390 
. L 


92CS-2534I 


0. 300" 


- 1.0" MIN - 


D0-7} i: 


■-?-IL—- 

L 0.022" ^ L 0.107" 

COLOR BANDS INDICATE CATHODE LEAD 

92CS-25344 
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92CS-25345 


—^ .265 k- 
92CS-25347 



0.2401 
92CS-25348 




cathode 






^ 1^^ THREAD 

J— *0*32 

ANODE 92CS-2535! 

^ THREAD 

92CS-25350 
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ANODE 92CS-25352 


MAIN 

CATHODE TERMiryAL No. I 
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Circuits 


T he circuits in this section illus¬ 
trate some of the more important 
applications of RCA solid-state 
devices; they are not necessarily ex¬ 
amples of commercial practice. The 
brief description provided with each 
circuit explains the functional rela¬ 
tionships of the various stages and 
points out the intended applications, 
the major performance characteris¬ 
tics, and significant design features 
of the over-all circuit. Detailed de¬ 
scriptive information on individual 
circuit stages (such as detectors, am¬ 
plifiers, or oscillators) is given ear¬ 
lier in this Manual, as well as in 
many textbooks on semiconductor 
circuits. 

Electrical specifications are given 
for circuit components to assist 
those interested in home construc¬ 
tion. Layouts and mechanical details 
are omitted because they vary widely 
with the requirements of individual 
set builders and with the sizes and 
shapes of the components employed. 

Performance of these circuits de¬ 
pends as much on the quality of the 
components selected and the care em¬ 
ployed in layout and construction as 
on the circuits themselves. Good sig¬ 
nal reproduction from receivers and 
amplifiers requires the use of good- 
quality speakers, transformers, chokes 
and input sources (microphones, pho¬ 
nograph pickups, etc.). 

Coils for the receiver circuits can 
frequently be purchased at local 
parts dealers by specifying the char¬ 
acteristics required: for rf coils, the 
circuit position (antenna or inter¬ 
stage), tuning range desired, and 
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tuning capacitances employed; for 
if coils or transformers, the inter¬ 
mediate frequency, circuit position 
(1st if, 2nd if, etc.), and, in some 
cases, the associated transistor 
types; for oscillator coils, the re¬ 
ceiver tuning range, intermediate 
frequency, type of converter tran¬ 
sistor, and type of winding (tapped 
or transformer-coupled). 

The voltage ratings specified for 
capacitors are the minimum dc work¬ 
ing voltages required. Paper, mica, 
or ceramic capacitors having higher 
voltage ratings than those specified 
may be used except insofar as the 
physical sizes of such capacitors may 
affect equipment layout. However, if 
electrolytic capacitors having substan¬ 
tially higher voltage ratings than 
those specified are used, they may 
not “form” completely at the operat¬ 
ing voltage, with the result that the 
effective capacitances of such units 
may be below their rated value. The 
wattage ratings specified for resistors 
assume methods of construction that 
provide adequate ventilation; com¬ 
pact installations having poor ventila¬ 
tion may require resistors of higher 
wattage ratings. 

Circuits which work at very high 
frequencies or which are required to 
handle very wide bandwidths de¬ 
mand more than ordinary skill and 
experience in construction. Place¬ 
ment of component parts is quite 
critical and may require consider¬ 
able experimentation. All rf leads 
to components including bypass ca¬ 
pacitors must be kept short and 
must be properly dressed to mini- 
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mize undesirable coupling and ca- properly modulated signal at the ap- 

pacitance effects. Correct circuit propriate frequencies. Unless the 

alignment and oscillator tracking builder has had considerable ex¬ 
may require the use of a cathode- perience with broad-band, high- 

ray oscilloscope, a high-impredance frequency circuits, he should not 

vacuum-tube voltmeter, and a signal undertake the construction of such 

generator capable of supplying a circuits. 


List of Circuits 

16-1 Voltage Regulator, Shunt Type . 678 

16-2 Voltage Regulator, Series Type . 679 

16-3 Adjustable Voltage Regulator with Current Limiting. 680 

16-4 Regulated DC Power Supply . 681 

16-5 Full-Range Variable-Voltage Regulated DC Power Supply .... 683 

16-6 High-Voltage, High-Current DC Power Supply. 684 

16-7 Microphone Preamplifier . 685 

16-8 Low-Noise Preamplifier with High Dynamic Range. 686 

16-9 Equalized Preamplifiers . 688 

16-10 High-Fidelity Preamplifier for Phono, FM, or Tape Pickup .... 691 

16-11 Multiple-Input Mixer. 693 

16-12 General-Purpose Audio Amplifier . 694 

16-13 Small-Signal Audio Amplifier with Tone and Volume Controls .. 696 

16-14 10-W Automobile Audio Amplifier. 697 

16-15 12-W True-Complementary-Symmetry Audio Amplifier . 699 

16-16 25-W Full-Complementary-Symmetry Audio Amplifier. 700 

16-17 40-W Quasi-Complementary-Symmetry Audio Amplifier. 702 

16-18 40-W Full-Complementary-Symmetry Audio Amplifier with 

Darlington Output Transistors . 704 

16-19 70-W Quasi-Complementary-Symmetry Audio Amplifier. 706 

16-20 120-W Quasi-Complementary-Symmetry Audio Amplifier 

with Parallel Output Transistors. 707 

16-21 200-W Quasi-Complementary-Symmetry Audio Amplifier 

with Parallel Output Transistors. 709 

16*22 Servo Amplifier . 712 

16-23 Frequency-Selective Audio Amplifier . 712 

16-24 Audio Amplifier-Oscillator . 713 

16-25 Audio Oscillator . 714 

16-26 Code-Practice Oscillator . 716 

16-27 Preamplifier for 6-, 10-, or 15-Meter Amateur-Band Receiver .. 717 

16-28 Stable Variable-Frequency Oscillator . 718 

16-29 50-MHz, 40-Watt CW Transmitter with Load-Mismatch 

Protection . 721 

16-30 175-MHz, 35-Watt Amplifier. 723 

16-31 40-W Peak-Envelope-Power Aircraft-Band Amplifier for AM 

Transmitters. 725 

16-32 16-Watt 225-to-400 MHz Power Amplifier. 727 

16-33 Dip/ Wave Meter. 728 

16-34 Basic Astable Multivibrator. 730 
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16-35 Astable Power Multivibrator . 731 

16-36 Lamp Flasher . 732 

16-37 Audio-Frequency-Operated Switch. 732 

16-38 Light Dimmers . 734 

16-39 Light Minder for Automobiles. 736 

16-40 Battery Chargers . 737 

16-41 Automatic Shut-Off and Alarm . 739 

16-42 Pulse Generator . 740 

16-43 Function Generator . 741 

16-44 Voltage-Programmable Timer . 743 

16-45 Tri-Level Comparator . 744 


MANUFACTURERS OF SPECIAL COMPONENTS AND MATERIALS 

REFERRED TO IN PARTS LISTS 


AirDux, trade name of 
Icore Electro-Plastics, Inc. 
Subsidiary of Icore Industries 
1050 Kifer Road 
Sunnyvale, Calif. 

Allen-Bradley Co. 

1201 S. 2nd Street 
Milwaukee, Wis. 

Alpha Wire Corporation 
180 Varick Street 
New York, N. Y. 

Amphenol Connector Division 
Amphenol-Borg Electronics Corp. 
1830 South 54th Street 
Chicago, Ill. 

Arco Electronics, Inc. 

Community Drive 
Great Neck, N. Y. 

Arnold Magnetics 
11520 W. Jefferson Blvd. 

Culver City, Calif. 

B and W, Inc. 

Canal and Beaver Dam Road 
Bristol, Pa. 

Bud Radio, Inc. 

4605 E. 355th Street 
Willoughby, Ohio 

Cambion, trade name of Cambridge 
Thermionic Corp. 

Cambridge Thermionic Corp. (CTC) 
445 Concord Avenue 
Cambridge, Mass. 


Centralab 

Division of Globe Union, Inc. 

P.O. Box 591 
Milwaukee, Wise. 

Dow Corning Corp. 

S. Saginaw Road 
Midland, Mich. 

Elmwood Sensors, Inc. 

1563 Elmwood Avenue 
Cranston, R.I. 

Freed Transformer Co. 

1718 Weirfield Street 
Brooklyn, N. Y. 

General Ceramics Corp. 

Crows Mill Road 
Keasby, N. J. 

Hammarlund Manufacturing Co. 
Hammarlund Drive 
Mars Hill, N. C. 

International Resistor Corp. 

401 N. Broad Street 
Philadelphia, Pa. 

E. F. Johanson Mfg. Corp. 

P.O. Box 329 
Boonton, N. J. 

Litz, trade name of 
Alpha Wire Corp. 

180 Varick Street 
New York, N. Y. 

Magnetic Metals Corp. 

Hayes Avenue at 21st Street 
Camden, N. J. 
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MANUFACTURERS (confcl) 


P. R. Mallory and Co* Inc* 

3029 E. Washington Street 
Indianapolis, Ind. 

J. W. Miller Co. 

5917 South Main Street 
Los Angeles, Calif. 

Signal Transformer Co. 

1 Junius Street 
Brooklyn, N. Y. 

Simpson Electric Co. 

5200 West Kinzie Street 
Chicago, Ill. 

Sprague Electric Co. 

481 Marshall St. 

North Adams, Mass. 


Stancor (Chicago-Stancor) 
3501 West Addison Street 
Chicago, Ill. 


Thordarson-Meissner 
7th and Bellmont 
Mt. Carmel, Ill. 

Triad 

305 North Briant Street 
Huntington, Ind. 

United Transformer Corp. 

Div. Thompson-Ramo-Wooldridge, 
150 Varick Street 
New York, N. Y. 

Vitramon, Inc. 

Box 544 

Bridgeport, Conn. 


Wakefield Engineering, Inc. 
139 Foundry Street 
Wakefield, Mass. 


NOTES: Components and materials identified by RCA stock numbers may be obtained 
through authorized RCA distributors. In general, all components specified in the circuit 
parts lists can be purchased from local radio and electronic supply stores or mail-order 
houses. If the parts are not available from these sources, they may be obtained from the 
pertinent manufacturers listed above. 
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76-7 VOLTAGE REGULATOR, SHUNT TYPE 

Regulation 0.5% 


Circuit Description 

This simple two-transistor shunt- 
type voltage regulator can provide 
a constant (within 0.5 per cent) dc 
output of 28 volts for load currents 
up to 0.5 ampere and dc inputs from 
45 to 55 volts. The two transistors 
operate as variable resistors to pro¬ 
vide the output regulation. A 27-volt 
zener reference diode is used as the 
control, or sensing, element. 

With a 28-volt output, the reverse- 
bias-connected reference diode, CR, 
operates in the breakdown-voltage 
region. In this region, the voltage 
drop across the diode remains con¬ 
stant (at the reference potential of 
27 volts) over a wide range of re¬ 
verse currents through the diode. 

The output voltage tends to rise 
with an increase in either the ap¬ 
plied voltage or the load-circuit im¬ 
pedance. The current through re¬ 
sistor Ra and reference diode CR 
then increases. However, the voltage 
drop across CR remains constant 
at 27 volts, and the full increase in 
the output voltage is developed 
across Ra. This increased voltage 
across Ra is directly coupled to the 
base of the 2N1481 transistor and 
increases the forward bias so that 
the 2N1481 conducts more heavily. 


The rise in the emitter current of 
the 2N1481 increases the forward 
bias on the 2N3054, and the current 
through this transistor also in¬ 
creases. 

As the increased currents of the 
transistors flow through resistor Ri, 
which is in series with the load im¬ 
pedance, the voltage drop across Ri 
becomes a larger proportion of the 
total applied voltage. In this way, 
any tendency for an increase in the 
output voltage is immediately re¬ 
flected as an increased voltage drop 
across Ri so that the output volt¬ 
age delivered to the load circuit re¬ 
mains constant. 

If the output voltage tends to de¬ 
crease slightly, the voltage drop 
across reference diode CR still re¬ 
mains constant, and the full decrease 
occurs across R 2 . As a result, the 
forward bias of both transistors de¬ 
creases so that less current flows 
through Ri. The resultant decrease 
in the proportional amount of the 
applied voltage dropped across this 
resistor immediately cancels any 
tendency for a decrease in the out¬ 
put voltage, and the voltage applied 
to the load circuit again remains 
constant. 



Parts List 

CR = reference diode. 27 eludes source resistance etc.) 

V, 0.5 watt of transformers, rectifiers, R 2 = 1000 ohms. 0.5 watt 

Ri = 28 ohms. 50 watts (in- 
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76-2 VOLTAGE REGULATOR, SERIES TYPE 

With Adjustable Output 

Line Regulation within 1.0% Load Regulation within 0.5% 



Parts List 

Cl = 1 /iF, paper, 25 V 
C2 = 100 fiF, electrolytic, 
50 V 

Di = zener diode, 12 V, 1 
watt 


Ri = 1200 ohms, 0.5 watt 
R 2 , Ri, Ro = 0.1 ohm, 5 watts 
R 3 = 2000 ohms, 0.5 watt 
R 5 = 570 ohms, 0.5 watt 


Rt = 270 ohms, 0.5 watt 
Rs Rio = 1000 ohms, 0.5 watt 
R» = potentiometer, 1000 
ohms, 0.5 watt 


Circuit Description 

In this series-type voltage regu¬ 
lator, regulation is accomplished by 
varying the current through three 
paralleled 2N3055 transistors con¬ 
nected in series with the load circuit. 
A reverse-bias-connected zener diode 
provides the reference voltage for 
the circuit. The voltage drop across 
this diode remains constant at the 
reference potential of 12 volts over 
a wide range of current through 
the diode. 


If the output voltage tends to rise 
for any reason, the total increase 
in voltage is distributed across 
bleeder resistors Rg, R 9 , and Rio. If 
potentiometer Ro, the output-voltage 
adjustment, is set to the mid-point 
of its range, one-half the increase in 
output voltage is applied to the base 
of the 2N3053 transistor Qo. This in¬ 
creased voltage is coupled (through 
the emitter-to-base junction of tran¬ 
sistor Qo) to the base of the 2N3053 
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16-2 VOLTAGE REGULATOR, SERIES TYPE (confd) 


Circuit Description (cont'd) 

transistor Q* by Rs, the common 
emitter resistor for the two tran¬ 
sistors. The zener diode Di 
and its series resistor Ra are con¬ 
nected in parallel with the bleeder 
resistors, and the increase in out¬ 
put voltage is also reflected across 
the diode-resistor network. However, 
because the voltage drop across Di 
remains constant, the full increase 
in voltage is developed across Ra 
and thus is applied directly to the 
base of Qi. Because the increase in 
voltage at the base is higher than 
that at the emitter, the collector cur¬ 
rent of the transistor Q 4 increases. 

As the collector current of Q 4 
increases, the base voltage of the 
2N1479 transistor Qi decreases by the 
amount of the increased drop across 
Ri. The resultant decrease in current 
through the 2N1479 transistor Qi 


causes a decrease in the emitter 
voltage of this transistor. The re¬ 
sultant decrease in current through 
transistor Qi causes a decrease in the 
emitter voltage and thus in the base 
voltage of the 2N3055 transistor Q 2 . 
Similar action by Q 2 results in a 
negative-going voltage at the bases 
of transistors Qa, Qs, and Qt. As a 
result, the current through these 
transistors, and through the load im¬ 
pedance in series with them, de¬ 
creases. The decrease in load current 
tends to reduce the voltage developed 
across the load circuit to cancel the 
original tendency for an increase in 
the ouput voltage. Similarly, if the 
output voltage tends to decrease, the 
current through the three paralleled 
2N3055 transistors and through the 
load circuit increases, so that the 
output voltage remains constant. 


76-3 ADJUSTABLE VOLTAGE REGULATOR 

With Current Limiting 
0.1 V to 50 Vat 1 A 


Circuit Description 

This voltage regulator employs a 
CA3130 integrated-circuit compara¬ 
tor as an error amplifier, a CA3086 
integrated-circuit transistor array, 
and several discrete transistors to 
provide a regulated dc output volt¬ 
age that is continuously adjustable 
from 0.1 to 50 volts at currents up to 
1 ampere. 

The CA3130 integrated circuit is 
an ideal choice for an error amplifier 
in regulated power supplies in which 
the regulated output voltage is re¬ 
quired to approach zero. Transistors 
Qs and Q 4 in the CA3086 array func¬ 
tion as zener diodes to provide the 
supply voltage for the CA3130 com¬ 
parator. Transistors Qi (connected as 


a diode), Q 2 (operated as a zener), 
and Qs are connected to operate as a 
low-impedance, temperature-compen¬ 
sated source of adjustable reference 
voltage for the error amplifier. 

The output of the CA3130 error 
amplifier is boosted by a 2N2102 dis¬ 
crete transistor (Q 4 ) to provide ade¬ 
quate base drive for the Darlington- 
connected series pass transistors Qi 
(2N2102) and Q 2 (2N3055). The 
2N5294 transistor Qa functions as a 
current-limiting device by diverting 
base drive from the series pass tran¬ 
sistors in accordance with the setting 
of the Current Limit Adjust potentio¬ 
meter R 9 
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76-3 ADJUSTABLE VOLTAGE REGULATOR (cont'd) 



INPUT REGULATION: < 0.01 %/V 

HUM AND NOISE OUTPUT; < 250 /iV RMS UP TO 100 kHz 

92CM- 26100 


Parts List 

Cl, Ca = 100 /iF, electrolytic 
75 V 

Ri z= 4300 ohms, 1 watt 
Ra = 2200 ohms, 0.5 watt 


Ra, Rt = 1000 ohms, 0.5 watt 
Ri = 62000 ohms, 0.5 watt 
R.5 3300 ohms, 1 watt 

R (5 — potentiometer, 50000 
ohms, 0.5 watt 


Rs = 1 ohm, 0.5 watt 
Ro = potentiometer, 10000 
ohms, 0.5 watt 
Rio = 10000 ohms, 0.5 watt 


16-4 REGULATED DC POWER SUPPLY 

3.5 V to 20 V; 0 to 90 mA 


Circuit Description 

This dc power supply uses a 
CA3085, CA3085A, or CA3085B in¬ 
tegrated-circuit voltage regulator, to¬ 
gether with four 1N3193 silicon 
rectifiers connected in a full-wave 
bridge configuration, to provide a 
regulaled dc output voltage that is 
continuously adjustable from 3.5 to 
20 volts at currents from 0 to 90 
milliamperes. 


The RCA-CA3085, CA3085A, and 
CA3085B silcon monolithic integrated 
circuits are designed specifically for 
service as voltage regulators as out¬ 
put voltages ranging from 1.7 to 46 
volts at currents up to 100 milli¬ 
amperes. The voltage regulators pro¬ 
vide important features such as: 
frequency compensation, short-circuit 
protection, temperature-compensated 
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76-4 REGULATED DC POWER SUPPLY (cont'd) 



REGULATION = 0.2% (LINE AND LOAD) 

RIPPLE <0.5 mV AT FULL LOAD 

92CS-2609I 


Parts List 

Cl = 50 /iF, electrolytic, 50 V 
C2 = 100 pF 

Cs = 5 /iF, electrolytic, 35 V 
Fi = fuse, 1 ampere, 120 V, 
slow-blow 


Ii = neon lamp, 120 V 
Ri = 5.6 ohms, 0.5 watt 
R 2 = 8200 ohms, 0.5 watt 
Rs = potentiometer, 10000 
ohms, 0.5 watt 


R4 = 1000 ohms, 0.5 watt 
Ti = power transformer, 
Stancor TP-3 or equiv. 


Circuit Description (cont'd) 

reference voltage, current limiting, 
and booster input. These devices are 
useful in a wide range of applications 
for regulating high-current, switch¬ 
ing, shunt, and positive and negative 
voltages. They are also applicable for 
current and dual-tracking regulation. 

The CA3085A and CA3085B have 
output current capabilities up to 100 
mA and the CA3085 up to 12 mA 
without the use of external pass 
transistors. However, all the devices 
can provide voltage regulation at 
load currents greater than 100 mA 
with the use of suitable external pass 
transistors. The CA3085 Series has 


an unregulated input voltage ranging 
from 7.5 to 30 30 V (CA3085), 7.5 to 
40 V (CA3085A), and 7.5 to 50 V 
(CA3085B) and a minimum regulated 
output voltage of 26 V (CA3085), 
36 V (CA3085A), and 46 V (CA- 
3085B). 

These types are supplied in the 
8 -lead TO-5 style package (CA3085, 
CA3085A, CA3085B, and the 8-lead 
TO-5 with dual-in-line formed leads 
(“DIL-CAN”, CA3085S, CA3085AS, 
CA3085BS). The CA 3085 is also 
supplied in the 8-lead dual-in-line 
plastic package CA- 

3085E), and in chip form (CA3085H). 
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76.5 FULL-RANGE VARIABLE-VOLTAGE 

REGULATED DC POWER SUPPLY 



Parts List 


Cl, Cs = 500 iiF, electrolytic, 
25 V 

Ca = 5000 /iF, electrolytic, 

25 V 

Ci =: 100 jtiF, electrolytic, 

10 V 

Ds = zener diode, 6.8 V, 1 
watt 

Dc = zener diode, 12 V, 1 

Fi = fuse, 1 ampere, 120 V, 
slow-blow 


Ri, Rs = 220 ohms, 0.5 watt, 
10 % 

Ra = 470 ohms, 0.5 watt, 

10 % 

Ra = 6800 ohms, 0.5 watt, 
10 % 

R4 = iOOOO ohms, 0.5 watt, 
10 % 

Re, Rg = trimmer potenti¬ 
ometer, 5000 ohms, Mal¬ 
lory MTC-1 or equiv. 


Rt r= potentiometer, 5000 
ohms, linear taper 
Si = toggle switch, 120 V, 1 
ampere, single-pole, sin¬ 
gle-throw 

Ti = power transformer; 
primary 117 V; secondary 
16 V, 1.5 ampere; Stancor 
TP-4 or equiv. 


Circuit Description 

This full-range variable-voltage 
power supply is a continuously vari¬ 
able supply capable of delivering up 
to 12 volts at a maximum current 
of 1 ampere. 

The regulator circuit in this supply 
receives full-wave rectified ac from 
a bridge rectifier, that uses four 
RCA-SK3030 silicon rectifiers. This 
arrangement provides the regulator 
with a high input voltage. 

The load voltage is equal to the 


regulator voltage minus the voltage 
across zener diode Do. When the two 
voltages are equal, the load voltage 
is zero. If the regular-circuit volt¬ 
age falls below 12 volts, the base- 
emitter junction of transistor Qs be¬ 
comes reverse-biased and the transis¬ 
tor turns off. As a result, transistors 
Q 2 and Qi also turn off and prevent 
the load voltage from reversing po¬ 
larity (becoming negative). 
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16-6 HIGH-VOLTAGE, HIGH-CURRENT DC POWER SUPPLY 
600 Volfs; 300 Volts; Total Current 330 Milliamperes 
(Intermittent Duty) 



Cl Ca Ca Ci Cs Ce Ct Cs = 
0.001 /iF, ceramic disc, 
1000 V 

Co, Cio, Cii, Ci 2 = "^0 /iF, 
electrolytic, 450 V 
F = fuse, 5 amperes 
1= indicator lamp 


Kx = relay; Potter and 
Brumfield KAllAY or 
equiv. 

Li = 2.8 henries, 300 mA; 

Stancor C-2334 or equiv. 
La = 4 henries, 175 mA; 

Stancor C-1410 or equiv. 
Ri Ha Ra Ri Rs Re R? Rs = 
0.47 megohm, 0.5 watt 


Re = 47 ohms, 1 watt 
Rio Rii = 15000 ohms, 10 
watts 

Ria = 47000 ohms, 2 watts 
Si Sa = toggle switch, single¬ 
pole single-throw 
T = power transformer; 
Stancor P-8166 or equiv. 


Circuit Description 

This power supply uses eight 
D1201M silicon diodes in series-con¬ 
nected pairs in a bridge-rectifier 
circuit to supply a 600-volt dc out¬ 
put from a 117-volt ac input. One 
set of the diode pairs (Ds through 
Ds) is also used in a conventional 
full-wave rectifier circuit to supply 
a 300-volt dc output. Series-con¬ 
nected pairs of diodes are used to 
provide the rectification in this cir¬ 
cuit because the peak-inverse-voltage 
rating of such combinations is twice 
that of a single diode. 


The operation of the power sup¬ 
ply is controlled by two switches. 
When the ON-OFF switch Si is 
closed, the 117-volt 60-c/s ac input 
power is applied across the primary 
of the step-up power transformer 
Ti. The power supply does not be¬ 
come operative, however, until 
switch S 2 is also closed. Relay Ki is 
then energized, and the closed con¬ 
tacts of the relay complete the 
ground return paths for the power- 
supply circuits. Switch S 2 can be 
used as a STANDBY switch for a 
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J6-6 HIGH-VOLTAGE, HIGH-CURRENT DC POWER SUPPLY (cont'd) 


Circuit Description (cont'd) 

transmitter or other equipment in 
which the power supply may be used. 
If desired, another switch may be 
connected in parallel with S 2 so that 
the standby-to-on function can be 
controlled from a remote location. 

During the half-cycle of ac input 
for which the voltage across the 
secondary winding of Ti is positive 
at the top end and negative at the 
bottom end,* current flows from the 
bottom of the secondary through 
diodes D 7 and Ds (which are 
oriented in the proper direction), 
out the Kia section of the relay con¬ 
tacts to ground, and then up through 
bleeder resistors Rio and Rn and the 
external load connected in shunt 
with the resistors to develop the 600- 
volt output. The return flow is com¬ 
pleted through filter choke Li, diodes 
Di and Da and the entire second¬ 
ary winding. During the next half¬ 
cycle of the ac input, the polarity 
of the voltage across the secondary 
reverses, and the current flows 


through diodes D 5 and Do, through 
the bleeder resistors and the external 
load circuit in the same direction 
as before, and then through diodes 
D 3 and D 4 . Capacitors Co and Cio 
and choke Li provide the filtering to 
smooth out the pulsations in the 
600-volt dc output. 

For the 300-volt dc output, only 
one-half the voltage across the sec¬ 
ondary winding of Ti is required. 
The Ds-Do and Dt-Ds diode pairs 
are operated in a full-wave rectifier 
configuration to provide this output 
(diodes Di through D* are not 
included in the 300-volt circuit.) 
The current flow through the diode 
pairs is the same as described be¬ 
fore, but the current is directed from 
the relay contacts up through bleeder 
resistor Rn* and the external load 
circuit. The return flow is through 
choke L 2 and the transformer center 
tap. Capacitors Cn and C 12 and choke 
Lo provide the filtering for the 300- 
volt dc output. 


76-7 MICROPHONE PREAMPLIFIER 


Circuit Description 


This integrated-circuit microphone 
preamplifier is a high-gain, low-noise, 
high-fidelity preamplifier that ac¬ 
commodates both low- and high- 
impedance dynamic microphones. It 
can be used with tape recorders and 
audio systems, or with radio trans¬ 
mitters. The maximum output of the 
circuit is 1.4 volts. 

The integrated circuit used in the 
preamplifier is the RCA-CA3018 
transistor array. This transistor 
array is connected to form a Darling¬ 
ton input stage in cascade with an 
emitter-follower output stage. The 
Darlington configuration provides the 
microphone preamplifier with a high- 
gain high-impedance input. The out¬ 
put of the Darlington stage is applied 
directly to the base of the emitter- 


follower output stage. This stage, 
which has a high input impedance, 
isolates the output load from the 
input. The chart below shows volt¬ 
ages at the terminals of a CA3018 in 
a properly operating circuit. 


Voltages at IC Terminals in 
Microphone Preamplifier Circuit 


Terminal Voltage (Volts) 


1 

2 

6 

7 

8 
9 

11 

12 


0.5 

1.2 

4.5 

3.7 
9 

1.8 
4.5 
4.5 
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16-7 MICROPHONE PREAMPLIFIER (cont'd) 



Parts List 


Cl = 10 nT, electrolytic. 6 V 
C 2 = 25 mF, electrolytic, 6 V 
Cs = 25 iiF, electrolytic, 10 V 
Ri, R 2 , Ra = see resistor- 
value chart. 


R 4 = 10000 ohms, 0.5 watt, 
10 % 

Rs = 56000 ohms, 0.5 watt, 
10 % 


Ro = 1500 ohms, 0.5 watt, 
10 % 

R? = 470 ohms, 0.5 watt, 
10 % 


Resistor Values as a Function of Microphone Type 
Microphone Type 

Resistors'^ Low Impedance High Impedance 


Ri 270 ohms not used 

Ra 220,000 ohms 1 megohm 

Ra 56,000 ohms 0.27 megohm 

* 0.5 watt, 10% 


16-8 LOW-NOISE PREAMPLIFIER WITH HIGH 

DYNAMIC RANGE 


Circuit Description 

This circuit illustrates the use of a 
CA3094 programmable integrated- 
circuit operational amplifier in a 
volume-controlled amplifier that has 
a high dynamic range. This type of 


amplifier is particularly useful, for 
example, as a microphone (or musical 
instrument) input amplifier, where a 
high dynamic range of input signals 
is likely. 
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76-8 LOW-NOISE PREAMPLIFIER (cont'd) 


R2 



Cl = 0.22 /iF, mylar or 
ceramic, 25 V 

C2 = 2 uF, electrolytic, 3 V 
to 6 V 

Cs = 100 pF, disc ceramic, 
± 20 % 

Cl = 30 pF, disc ceramic, 
± 20 % 


Co. Cfi = 0.5 fiF, 25-Volts 
(GMV) 

Ri, R2 =: 10000 ohm, 0.5 
watt, composition, ±10% 
R.i, Ri r= dual ganged Po¬ 
tentiometers, 0.25 meg¬ 
ohm, 0.5 watt, linear taper 


Rs = 51000 ohms, 0.5 watt, 
composition 
Rfi = 100 ohm, 0.5 watt, 
composition, ±10% 

Rt = 2700 ohms, 0.5 watt, 
composition, ±10% 


Circuit Description (cont'd) 

The circuit design is unique in that 
the overload characteristics of the 
amplifier improve as the volume con¬ 
trol is decreased. This performance is 
accomplished by use of dual ganged 
volume-control potentiometers, R:$ 
and Rt, that reduce the gain of the 
operational amplifier in accordance 
with the reduction in output voltage 
Eo desired. At the maximum-volume 
setting of potentiometer Ri, the 
maximum resistance of potentio¬ 
meter R;i is added to that of resistor 
R 2 in the feedback path of the ampli¬ 
fier. Under these conditions, the volt¬ 
age gain is approximated as follows: 

Eo _ R2 -}- R3 

^ + E. 


At the minimum-volume setting of 
Rt, the incremental feedback resist¬ 
ance due to Rs is also at a minimum 
(e.g., zero). Thus, the output signal 
level is decreased by the setting of 
potentiometer Ri, and the amplifier 
gain is simultaneously reduced by the 
value of (R 2 4- Rs). At low volume 
settings, therefore, the overload 
point of the amplifier is increased, 
and the noise output is reduced. 
Because the input is applied to 
the noninverting (-f) terminal of 
the CA3094, the input impedance of 
the amplifier will be relatively high. 
With linear potentiometers, the volt¬ 
age gain is approximately given by 


Eo 

Eiu 


A2 — _|_A. — 4-A 
^ Ri Ri 




688 


RCA Solid-State Devices Manual 


LOW-NOISE PREAMPLIFIER (cont'd) 


16-8 

Circuit Description (cont'd) 

where A is the fractional rotation of 
the control. This relationship results 
in a parabolic variation of the output 
signal as a function of control posi¬ 
tion. 

The low-noise preamplifier has a 
maximum gain of nearly 30 dB and 
can handle input signals up to about 
0.25 volts (rms) without overloading. 
With the volume control set for a 
barely audible output signal, the in¬ 
put signal overload level is about 6- 
volts (rms). Supply current con¬ 


sumption is about 6-milliamperes at 
the supply-voltages shown. 

Resistor Rt is used to set the value 
of amplifier-bias-current (Iabc). [The 
operation of the programmable op¬ 
erational amplifier (CA3094) used in 
this circuit is described in the section 
Integrated Circuits for Linear Ap¬ 
plications.] Capacitor Cs is a com¬ 
pensating capacitor to assure circuit 
stability. Capacitor C^ is used to in¬ 
crease the feedback at the higher 
frequencies, thereby reducing high- 
frequency noise-signal output. 


76-9 EQUALIZED PREAMPLIFIERS 


The exceptional low-noise charac¬ 
teristics of the super-beta transistor 
in the CA3095E IC-array are ideal 
for preamplifier service in profes¬ 
sional-grade tape-playback and mag¬ 
netic phono-cartridge amplifier sys¬ 
tems. Sketch (a) shows the schema¬ 
tic diagram of the CA3095E 
integrated-circuit transistor array. 
The superbeta transistors Qi and Q 2 
are generically similar to conven¬ 
tional bipolar transistors except that 


they have betas in the range of 1000 
to 5000. Because the super-beta tran¬ 
sistors in CA3095E array have a col¬ 
lector-emitter breakdown voltage 
V(bk)cbo of about 2 volts, it is neces¬ 
sary to limit the collector-emitter 
voltage accordingly. This limiting is 
accomplished in the CA3095E by 
means of the network consisting of 
Di, D 2 , and Qs. 

Preamplifier for Tape-Head Sig¬ 
nals—A typical preamplifier circuit 
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] 6-9 EQUALIZED PREAMPLIFIERS (cont'd) 


+40 V 



Tape play-back preamplifier equalized for NAB standards (7.5 in/s). 


Parts List 


Preamplifier for Tape-Head Signals 


Cl = 0.33 fiF, paper or my¬ 
lar, 100 Volts 

C ‘2 = 10 juF, electrolytic, 50 
volts 

Ca = 10 /aF, electrolytic, 

5 volts 

Cl =: 0.0075 }iF, paper or 
mylar, ±5% 

Cs = 470 pF, mica or 
ceramic, ±5% 

Ce = 50 fiF, electrolytic, 25 
volts 


C? = 0.1 /xF, 50 volts 
minimum 

Rii= 47000 ohms, 0.5 watt, 
composition, ±;10% 

Ro — 82000 ohms, 0.5 watt, 
composition, ±10% 

Ra = 4300 ohms, 0.5 watt, 
composition, ±10% 

R 4 = 10000 ohms, 0.5 watt, 
composition, ±10% 

Rr, = 330 ohms, 0.5 watt, 
composition, ±5% 

Ro 680 ohms, 0.5 watt, 
composition, ±5% 


Rt = 0.33 megohm, 0.5 watt, 
composition, ±10% 

Rs = 0.39 megohm, 0.5 watt, 
composition, ±10% 

R(» = 24000 ohms, 0.5 watt, 
composition, ±5% 

Rio 1 = 10000 ohms, 0.5 watt, 
composition, ±10% 

Rii = 18000 ohms, 0.5 watt, 
composition, ±10% 

Ria, Ria = 100 ohms, 0.5 
watt, composition, ±10% 
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76-9 EQUALIZED PREAMPLIFIERS (cont'd) 


+40 V 



Preamplifier equalized for RIAA standards applicable to magnetic phonograph cartridges. 


Parts List 


Preamplifier for Magnetic Phono Pick-Up 

(Parts similar to those for tape-head preamplifier with the following exceptions) 


Cl = 0.01 /jlF, paper or my- Ro = 33000 ohms, 0.5 watt, Ri i = 16000 ohms, 0.5 watt, 
lar, ±5% composition, ±5% composition, ±5% 

Cu = 0.003 tiF, paper or my¬ 
lar, ±5% 
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EQUALiZED PREAMPLIFIERS (cont'd) 


16-9 

Circuit Description (cont'd) 

for tape-head signals with equal¬ 
ization for NAB standards [7.5 in/s] 
is shown in sketch (b). Transistors 
Qi and Qs are cascode-connected as 
the input stage, and transistor Qc is 
connected as a common-emitter post 
amplifier. Transistors Q 2 and Qt are 
nonconductive because the emitter- 
base junction in Qo and the base- 
collector junction in Q 4 are shunted 
by external wiring. Equalization for 
the NAB tape-playback frequency- 
response characteristics is provided 
by the Ro, C 4 , Cs network connected in 
the ac feedback path; dc feedback 
stabilization is provided by the path 
through resistor Rj. The amplifier has 
an over-all gain of about 37 dB at 
1 -kHz, and can deliver output volt¬ 
age in the order of 25 volts, peak-to- 


peak. With the gain indicated, th 
dynamic range of the circuit is typi 
cally about 95 dB. 

Preamplifier for Signals from Mag 
netic Phonograph Cartridges —J 
typical preamplifier circuit for mag 
netic phono pickup with equalizatioi 
for RIAA playback standards i 
shown in sketch (c). Circuit operatioi 
is generically similar to that des 
cribed for the amplifier shown ii 
sketch (b). Equalization is providec 
by the Rc, C 4 , Cs network connectec 
in the ac feedback path. The amplifiei 
has an over-all gain of about 40 dl 
at 1-kHz, and can deliver outpu' 
voltages in the order of 25 volts 
peak-to-peak. With the gain indi¬ 
cated, the dynamic range of the cir¬ 
cuit is typically about 95 dB. 


76-10 HIGH-FIDELITY PREAMPLIFIER 

For Phono, FM, or Tape Pickup 


Circuit Description 

This phonograph preamplifier can 
be used with an audio power ampli¬ 
fier, such as circuits 15-12 through 
15-15, to provide an excellent high- 
fidelity system. The circuit is de¬ 
signed for use with a magnetic 
pickup that can supply an input 
signal of at least 5 millivolts. 
Provisions are also included in the 
preamplifier for tape and tuner 
inputs. For a 5-millivolt input 
signal, the preamplifier delivers an 
output of at least 1 volt. An input 
of 300 millivolts from a tuner or 
tape recorder is required to pro¬ 
duce an output of 1 volt. The pre¬ 
amplifier requires a dc supply of 
20 volts at 7.5 milliamperes. 


The preamplifier uses two SK3020 
transistors Qi and Q 2 in a two-stage 
direct-coupled input circuit. A fre¬ 
quency-shaping network in the feed¬ 
back circuit of transistor Q 2 provides 
frequency compensation when the 
preamplifier is used with a magnetic 
phonograph pickup. The output cir¬ 
cuit of transistor Q 2 contains a level 
control Rio that feeds the loudness 
control Ri 2 through the selector 
switch Si. The loudness control, in 
turn, drives the tone-control cir¬ 
cuits of the preamplifier. Tape, 
tuner, or phono inputs can be se¬ 
lected by means of the selector 
switch; an output connector in the 
arm of the selector switch permits 
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6-10 HIGH-FIDELITY PREAMPLIFIER (cont'd) 



Parts List 

Cl = 2 /xF, electrolytic, 

6 V 

C 2 , Cl 7 , C 18 = 25 /iF, elec¬ 
trolytic, 25 V 

Cs = 0.0027 fiF, paper, 200 V 

C 4 = 0.01 juF, paper, 200 V 

C 5 = 100 /iF, electrolytic, 

3 V 

10 /iF, electrolytic, 

Ct = 180 pF, mica, 500 V 

Cs = 0.033 /tF, paper, 200 V 

Co = 1 /iF, electrolytic, 

12 V 

Cio, C 16 = 10 /iF, electro¬ 
lytic, 10 V 

Cii = 10 /iF, electrolytic, 

25 V 


C 12 , Ci3 = 0.022 /iF, paper, 
200 V 

Ci4 = 0.0039 /iF, paper, 
200 V 

Ci5 = 0.0047 /iF, paper, 
200 V 

Cio = 100 /iF, electrolytic, 
6 V 

Ri, Rs = 68000 ohms, 10%, 
0.5 watt 

R 2 = 0.18 megohm, 10%, 
0.5 watt 

R 4 = 470 ohms, 10%, 0.5 
watt 

Rs = 27000 ohms, 10%, 0.5 
watt 

Re = 0.47 megohm, 10%, 
0.5 watt 


Rt, Ri9, R2i, R 24 = 10000 
ohms, 10%, 0.5 watt 

Rs = 82 ohms, 10 %, 0.5 watt 

R 9 = 1800 ohms, 10%, 0.5 
watt 

Rio = potentiometer, 0.1 
megohm, 0.5 watt, audio 
taper 

Rii = 8200 ohms, 10%, 0.5 
watt 

Ri 2 = potentiometer, 0.25 
megohm, 0.5 watt, audio 
taper with tap, Centralab 
F11-250K or equiv. 

Ri 3 = 33000 ohms, 10%, 0.5 
watt 

Ri4, R 28 = 18000 ohms, 10%, 
0.5 watt 
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HIGH-FIDELITY PREAMPLIFIER (cont'd) 


16-10 

Parts List (cont'd) 

Ri 5, Rsi =:: 4700 ohms, 10%, 
0.5 watt 

Rio = 6800 ohms, 10%, 0.5 
watt 

Ri 7 =: 68 ohms, 10%, 0.5 
watt 

Ri8, R 22 , R 25 , R 29 = 1000 


ohms, 10%, 0.5 watt 

R 20 , R 23 = potentiometer, 
0.1 megohm, 0.5 watt, 
linear taper 

R 20 = 47000 ohms, 10%, 0.5 
watt 

R 27 = 56000 ohms, 10%, 0.5 
watt 


R 30 = 2700 ohms, 10%, 
watt 

51 = switch, single-po 
3-position, wafer 

5 2 =: switch, single-po 
double-throw, toggle 

S.'t =: switch, single-po 
single-throw, toggle 


Circuit Description (cont'd) 

tape recordings to be made without 
affecting volume or loudness. 

The treble and bass tone controls 
provide boost of 10 dB and cut of 
15 dB for deep bass and high treble 
frequencies. Each control operates 
independently so that precise tone 
shaping is possible. When both con¬ 
trols are in the center position, the 
response is flat; the bass and treble 
frequencies are equally mixed. 

Output distortion is low at all fre¬ 
quencies for any setting of either 
the bass or the treble tone control. 
The collector-to-base feedback in the 
SK3020 transistors Q 3 and Qi works 


with the tone controls to provide tl 
over-all tonal response of the pr 
amplifier. 

Included in the preamplifier is 
loudness/volume control switch S 
With the loudness control in, low( 
tones are enhanced at low outpi 
levels, and a more pleasing sound ; 
produced. When the loudness contr< 
is switched out, the volume contrc 
attenuates all tones equally. 

The scratch filter attenuate 
somewhat the frequencies at whic 
scratch noise from scratched record 
is most prevalent. 


MULTiPLE-INPUT AUDIO MIXER 


16-11 

Circuit Description 

This multiple-input circuit is de¬ 
signed to mix inputs from up to 12 
sources, (usually microphones) for 
input to an amplifier, tape recorder, 
or other audio equipment. The mixer 
has a gain of unity and, therefore, 
has no effect on the system in which 
it is installed. 

The audio mixer can handle large 
signals without overloading; it is 


normally located in the audio sys 
tern after the system gain contro 
and ahead of the power amplifier 
Each of the input resistors R 
through Ri 3 can be connected to th( 
wiper arm of a potentiometer for in 
dependent gain control of each chan 
nel. All unused inputs should b( 
grounded. 
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6.J1 MULTIPLE-INPUT AUDIO MIXER (cont'd) 



16-12 GENERAL-PURPOSE AUDIO AMPLIFIER 


+I2V 



Parts List 

Cl = 10 microfarads, 6 Ri = 1000 ohms, 0.5 watt Ri = See chart, 0.5 watt 

volts, electrolytic R:- = 1200 ohms, 0.5 watt Rr, = 270 ohms, 0.5 watt 

C 2 = 50 microfarads, 25 R.! See chart, 0.5 watt 

volts, electrolytic 

All resistors have a tolerance of 10 per cent. 
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16-12 GENERAL-PURPOSE AUDIO AMPLIFIER (cont'd) 


Circuit Description 

This two-stage amplifier is useful 
as a line driver for audio systems 
in which the power amplifier is lo¬ 
cated at a considerable distance 
from the signal source, as a driver 
for the line inputs of tape recorders, 
as an output stage for inexpensive 
radio receivers, and in many other 
general-purpose audio-amplifier ap¬ 
plications. The amplifier has a fre¬ 
quency response that is flat from 
20 to 20,000 Hz and can be used to 
drive any line that has an impedance 
of 250 ohms or greater. It operates 
from a dc supply of 12 volts and can 
supply a maximum undistorted out¬ 
put of 3-volts rms into a 250-ohm 
line. 

The voltage gain and input im¬ 
pedance of the amplifier are de¬ 
termined by the values chosen for 
the emitter resistor (Rs) and feed¬ 
back resistor (Rt) for the input stage. 
A chart shows values of these re¬ 
sistors for various voltage gains 
from unity to 166 and for input im¬ 
pedances from 2700 ohms to 55,000 
ohms. 

The amplifier employs an SK3020 
transistor Qi in a common-emitter 
input stage and a SK3024 transistor 


Q 3 in an emitter-follower output 
stage. These stages are intercon¬ 
nected in a self-adjusting configura¬ 
tion that maintains the amplifier in 
a stable operating state regardless 
of variations in dc supply voltage 
and ambient temperature. This sta¬ 
bility is achieved by use of a dc feed¬ 
back applied from the output (emit¬ 
ter) of transistor Q 3 to the input 
(base) of transistor Qi through R 4 . 

If the emitter current of transis¬ 
tor Qi should increase, the base 
voltage of transistor Q 2 would also 
decrease because of the rise in the 
voltage drop across resistor Ro. This 
decrease in the base voltage of tran¬ 
sistor Qa results in a corresponding 
reduction in the emitter current of 
this transistor. Consequently, the 
amount of positive dc voltage fed 
back from the emitter of transistor 
Qa to the base of transistor Qi is 
reduced. This reduction in voltage 
at the base of Qi causes a decrease 
in current through this transistor 
that compensates for the original 
increase, and the amplifier is stabil¬ 
ized. Use of an emitter-follower 
output stage makes possible the low 
output impedance of the amplifier. 


Resistance Data for Different Voltage 
Gains and Input Impedances'^ 


Voltage 

Input 

Impedance 

R3 

R4 

Gain 

(ohms) 

(ohms) 

(kilohms) 

166 

2700 

0 

680 

22 

7300 

39 

470 

17 

9000 

68 

430 

10 

15000 

100 

390 

3 

55000 

390 

360 

1 

100000 

1200 

330 


* Data obtained for an output of 1 volt 
rms into a 250-ohm line. 
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76-73 SMALL-SIGNAL AUDIO AMPLIFIER 

With Tone and Volume Controls 


+ 5 -15 V 



Parts List 

Cl, Co = 0.33 nF, mylar or 
ceramic, 25 V 

C 2 , Cs = 0.0047 iiF, mylar or 
ceramic, 25 V, ±10% 

Cl = 100 pF, disc, 100 V, 
± 10 % 

Cs = 0.05 fiF, mylar or 
ceramic [GMV], 25 V 


Ri, Rs = 51000 ohms, 0.5 
watt, composition 
R 2 , Re = Potentiometer, 1 
megohm, linear taper 
Ri = 0.47 megohm, 0.5 watt, 
composition, ±10% 


Rs, Rt = 4700 ohms, 0.5 
watt, composition, ±10 % 
Rg = Potentiometer, 0.5 
megohm, linear taper 
Rs = 0.27 megohm, 0.5 watt, 
composition, ±10% 


Circuit Description 

This audio amplifier is useful in 
handling signals up to about 200 
millivolts rms without overloading. 
It uses four of the six transistors in 
the CA3600E COS/MOS transistor 
array. The first stage is a Baxandall 
tone-control circuit which features 
± 15 dB bass and treble ‘"boost-and- 
cut” characteristics at 100 Hz and 
10 kHz, respectively. The Baxandall 
tone-control network is connected in 
the feedback loop [between terminals 
12 and 10] of the first stage. The 
maximum volume-gain in the second 
stage is set by the ratio Ro/Rs; with 
the values shown it is about 12 dB. 

The output [at terminals 8 , 13] is 


biased at one-half the supply voltage 
via the feedback path through resis¬ 
tor R 9 to gate terminal 6 . Because 
the gate terminal currents to the 
CA3600E are in the order of 5-pico- 
amperes, there is negligibly small dc 
current through the controls, thereby 
reducing the possibilities of their be¬ 
coming noisy. Standard linear taper 
potentiometers are used. The circuit 
is operational over the supply voltage 
range from 5 to 15-volts. It requires 
about 4.5 milliamperes of supply- 
current for operation at 10-volts. The 
CA3600E integrated circuit is de¬ 
scribed in the section Integrated Cir¬ 
cuits for Linear Applications. 




Circuits 


697 


76-74 10-W AUTOMOBILE AUDIO AMPLIFIER 



Parts List 


Cl = 1.500 fiF, electrolytic, 
25 V 

C2 = 0.02 nF, disc, 50 V 
Cs = 0.12 nF, disc, 50 V 
Cl = 0.01 nF, disc, 50 V 
C5, Co == 0.001 /xF, disc, 50 V 
Ct, Cii =: 100 /xF, electro¬ 
lytic, 25 V 
Cs = 100 pF. 50 V 
C9 =: 25 /xF, electrolytic, 

25 V 

Cio = 0.2 fiF, 50 V 
Cii = 0.02 /xF, 50 V 
C 12 = 0.047 tiF, 50 V 
Ci3 = 1 /xF, mylar, 50 V 
Ci3 = 250 pF, 50 V 


Cio =: 50 /xF, electrolytic, 

25 V 

Ci7 = 1 /xF, Mylar, 50 V 
Li = 9 mH, 3 A 
Ri — potentiometer, 10000 
ohms, 0.5 watt, linear 
taper 

R2 = 820 ohms, 0.5 watt 
R;j, Ri, Ris, Ri 9 = 33 ohms, 
0.5 watt 

R 5 , R 9 , R 25 = 68 ohms, 0.5 
watt 

Ro =: 300 ohms, 0.5 watt 
Rt = 51 ohms, 0.5 watt 
Rs, R24 0.18 megohm, 0.5 

watt 


Rio =: 3300 ohms, 0.5 watt 
Rii = 910 ohms, 0.5 watt 
Ri 2 =: 39000 ohms, 0.5 watt 
Ri.! potentiometer 0.25 
megohm, 0.5 watt, linear 
taper 

Rii = potentiometer, 0.1 
megohm, 0.5 watt, linear 
taper 

Rir> = 10000 ohms, 0.5 watt 
Ri(i, Ri 7 =r 10000 ohms, 0.5 
watt, 1% precision 
R 20 =: 1000 ohms, 0.5 watt 
R 21 =r 0.22 megohm, 0.5 watt 
R 22 = 51 ohms, 0.5 watt 
R 2 ;}, R 20 = 22000 ohms, 0.5 
watt 
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16-14 10 WATT AUTOMOBILE AUDIO AMPLIFIER (cont'd) 


Feedback Network Options 

A B C 



ABC 



Circuit Description 

This high-power automobile audio 
amplifier can supply a continuous 
sine-wave output of 10 watts into a 
4-ohm speaker at less than 1 percent 
distortion (1-kHz input signal). The 
amplifier features a transformerless 
high-power output and thermal 
stability of the output stage. The 
circuit uses two CA3094T integrated 
circuits (ICi and IC 2 ) and six transis¬ 
tors [two 2N6288’s (Qt and QO, two 
2N6292’s (Qi! and Qs) and two 
2N6111’s (Qs and Qo)] connected in a 
full-wave bridge configuration. Tone 
controls may be incorporated into the 
feedback network, or the tone con¬ 


trols can be omitted, as desired. 
(Separate feedback networks are 
shown for each option.) The input 
signal is amplified by ICi which 
drives transistors Qi and Q 3 (top half 
of the bridge) while IC 2 is being 
driven from the output (junction of 
resistors Rio and Ri?). IC 2 drives 
transistors and Qn (the bottom 
half of the bridge). Transistors Q 2 
and Qs are biasing transistors for the 
output stages and must be mounted 
on the output heatsink to assure 
thermal stability. Sensitivity of the 
amplifier is 50 millivolts for an out¬ 
put of 10 watts. 
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16-15 12-W TRUE-COMPLEMENTARY-SYMMETRY 

AUDIO AMPLIFIER 




92CM-26220 


Parts List 

Cl = 1000 juF, electrolytic, 

50 V 

C2 = 10 /iF, electrolytic, 50 V 
C3, Cr, = 5 jiF, electrolytic, 
25 V 

Cl = 150 pF 
Co = 75 pF 
Cr = 470 pF 
Cs = 0.01 /iF 

C 9 = 1000 /iF, electrolytic, 

25 V 


Fi = fuse, 1 ampere, 120 V, 
slow-blow 
Li = inductor, 5 /iH 
Ri = 1200 ohms, 0.5 watt 
R2 = 47000 ohms, 0.5 watt 
Ra = 39000 ohms, 0.5 watt 
Ri = 10000 ohms, 0.5 watt 
Ro, Rii = 330 ohms, 0.5 watt 
Ro = 2700 ohms, 0.5 watt 
Rt = 47 ohms, 0.5 watt 
Rs = 18000 ohms, 0.5 watt 
R9 = 1000 ohms, 0.5 watt 


Rio = 7.2 ohms, 0.5 watt 
Ri2, Ri 3 = 0.47 ohms, 0.5 
watt 

Ru = 22 ohms, 0.5 watt 
Si = on-off switch, single¬ 
pole, single-throw 
Ti =: power transformer; 
120-volt primary; 25.5- 
secondary; Thordarson 
23V118, Stancor TP-4, 
Triad F-93X, or equiv. 
(for stereo amplifiers) 


NOTE: Resistors should be non-inductive. 
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16-15 12-W TRUE-COMPLEMENTARY-SYMMETRY 

AUDIO AMPLIFIER (cont'd) 


Circuit Description 

This 12-watt audio-amplifier circuit 
uses RCAICIO and RCAlCll as out¬ 
put devices in conjunction with three 
discrete transistors, two diodes, and a 
single 36-volt power supply; the 
amplifier output is capacitively 
coupled to an 8-ohm speaker. The 
choice of a true-complementary- 
symmetry output stage provides ex¬ 


cellent fidelity for a low-cost-system. 
RCAICIO and RCAlCll are n-p-n 
and p-n-p epitaxial-base silicon power 
transistors respectively, especially 
characterized for audio-output ser¬ 
vice. They are provided in the JEDEC 
TO-220AB version of the VERSA- 
WATT plastic package. 


TYPICAL PERFORMANCE DATA 


120V, Ta = 25®C, and a frequency of 1 kHz, 


Measured at a line voltage of 
unless otherwise specified. 


Power: 

Rated power (8-n load, at 

rated distortion) . 12 W 

Typical power (4-0 load) . 12 W 

Typical power (16-0 load). 6.5 W 

Music power (8-0 load, at 
5% THD with regulated 

supply) . 15 W 

Dynamic power (8-0 load, 
at 1 % THD^ with 

regulated supply) . 13 W 

Total Harmonic Distortion: 

Rated distortion . 1.0% 


IM Distortion: 

10 dB below continuous 
power output at 60 Hz 

and 7 kHz (4:1). 1.5% 

Sensitivity: 

At continuous power-out¬ 
put rating . 600 mV 

Hum and Noise: 

Below continuous power 
output: 

Input shorted . 90 dB 

Input open.. 70 dB 

Input Resistance . 23 kJ2 


16-16 25-W FULL-COMPLEMENTARY-SYMMETRY 

AUDIO AMPLIFIER 


Circuit Description 

This 25-watt audio-amplifier circuit 
uses RCA1C05 and RCA1C06 as out¬ 
put devices in conjunction with seven 
TO-39 discrete transistors, ten di¬ 
odes, and a 52-volt split power sup¬ 
ply. The amplifier output is directly 
coupled to an 8-ohm speaker. The 
full-complementary-symmetry output 
stage provides excellent high-fre¬ 


quency performance at moderate 
cost. 

RCA1C05 and RCA1C06 are n-p-n 
and p-n-p epitaxial-base silicon pow¬ 
er transistors, respectively. These 
complementary output devices for 
audio applications are provided in 
the JEDEC TO-220AB plastic pack¬ 
age. 
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76-16 25.W FULL-COMPLEMENTARY-SYMMETRY 

AUDIO AMPLIFIER (cont'd) 


TYPE 

IN5392 




Cl = 5 ytiF, electrolytic, 12 V 
Cl> = 180 pF 

C:s, Co, Ct = 50 jiF, electro¬ 
lytic, 50 V 

Cl =: 50 fiF, electrolytic, 12 V 
C5 = 180 pF 
Cs, a. = 0.02 /xF, 50 V 
Cio, Cn = 0.01 nF 
Cr> = 0.2 ;aF 
Cr.i, Cu = 0.05 fiF, 50 V 
Ci.-„ Cio = 2500 /xF, electro¬ 
lytic, 35 V 
Fi = fuse, 120 V, 

1.5 amperes, slow-blow 

NOTES: 


Li = inductor, 2.4 /xH, Mil¬ 
ler 4606 or equiv. 

Ri, R^i zi: 1800 ohms, 0.5 watt 
R2, Re, = 18000 ohms, 0.5 
watt 

R.s = 12000 ohms, 0.5 watt 
Ri, Rt = 680 ohms, 0.5 watt 
R.5 = 180 ohms, 0.5 watt 
Ro, Ri 2 = 270 ohms, 0.5 watt 
Rio, Rii = 2200 ohms, 

0.5 watt 

Rii zr 75 ohms, 0.5 watt 
Ri;5, Ri. 5 = 1000 ohms, 0.5 
watt 


Ri«, Ri 7 = 68 ohms, 0.5 watt 

Ri8, Rio =: 100 ohms, 0.5 
watt 

R-jo, R21 0.43 ohm, 5 watts 

R22, R2:! =: 22 ohms, 0.5 watt 

51 == 80°C thermal cutout 

52 = on-off switch, 120 V, 
single-pole, single-throw 

Ti = power transformer; 
primary 117 V; secondary 
37 V, 1.5 A; Signal 36-2 
or equiv. 


1. All resistors should be non-inductive. 

2. Driver transistors should be mounted on printed-circuit-board heat sink. 

3. Thermal cutout Si should be mounted on common heat sink with output transistor, 

4. Heat-sink capability of 2°C per watt should be provided for each output transistor. 
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16-16 FULL-COMPLEMENTARY-SYMMETRY 

AUDIO AMPLIFIER (cont'd) 

TYPICAL PERFORMANCE DATA 


120V, Ta = 25 °C, and a frequency of 1 kHz, 


Measured at a line voltage of 
unless otherwise specified. 
Power: 


Rated power (8-J2 load, at 

rated distortion) . 25 W 

Typical power (4-fi load) . 45 W 

Typical power (16-S2 load) 16 W 
Total Harmonic Distortion: 

Rated distortion. 1.0% 

Typical at 20 W . 0.05% 

IM Distortion: 

10 dB below continuous 
power output at 60 Hz 
and 7 kHz (4:1) . 0.1% 


IHF Power Bandwidth: 

3 dB below rated 
continuous power at 

rated distortion.80 kHz 

Sensitivity: 

At continuous power- 

output rating .600 mV 

Hum and Noise: 

Below continuous power 
output: 

Input shorted . 80 dB 

Input open . 75 dB 

Input Resistance . 20 kl2 


7 6-17 40-W QUASI-COMPLEMENTARY-SYMMETRY 

AUDIO AMPLIFIER 


Circuit Description 

This 40-watt amplifier uses two 
RCA 1 COO transistors as output units 
in conjunction with seven TO-39 
transistors, 11 diodes, and a 64-volt 
split power supply. The amplifier 
output is directly coupled to an 8- 
ohm speaker. This 40-watt amplifier 
features ruggedness and economy in 
the mid-power range. 


RCA1C09 is an n-p-n, epitaxial- 
base silicon transistor packaged in 
the JEDEC TO-220AB (VERSA- 
WATT) case. Two of these devices, 
driven in the class-B mode by the 
RCA1A06 and RCA1A05 silicon 
n-p-n and p-n-p transistors, are ide¬ 
ally suited for use as output devices 
in audio-amplifier applications. 


TYPICAL PERFORMANCE DATA 


Measured at a line voltage of 120V, Ta = 25°C, and a frequency of 1 kHz, 
unless otherwise specified. 

Power: 


Rated power (8-12 load at 

rated distortion) . 40 W 

Typical power (4-J2 load) . 55 W 

Typical power (16-S2 load) 25 W 

Music power (8-S2 load, at 
5% THD with regulated 

supply) ... 55 W 

Dynamic power (8-S2 load, 
at 1% THD with 

regulated supply) . 50 W 

Total Harmonic Distortion: 

Rated distortion . 1.0% 


IM Distortion: 

10 dB below continuous 
power output at 60 Hz 

and 7 kHz (4:1) . 0.1% 

Sensitivity: 

At continuous power- 

output rating.600 mV 

Hum and Noise: 

Below continuous power 
output: 

Input shorted . 80 dB 

With 2 kI2 resistance on 
20-ft. cable on input ... 75 dB 

Input Resistance . 20 kfi 
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16-17 40-W QUASI-COMPLEMENTARY-SYMMETRY 

AUDIO AMPLIFIER (cont'd) 



Parts List 


Cl = 5 /jlF, electrolytic, 12 V 
Ca = 180 pF 
Ca = 39 pF 

Cl, Cs, Ca, Ct = 50 nF, elec¬ 
trolytic, 50 V 
Cs, Co, Ci3 = 0.02 nF, 50 V 
Cio Cii = 0.01 jxF 
Ci2, Ci3, Cu = 0.05 nF, 50 V 
Cio, Ci7 = 3500 AtF, electro¬ 
lytic, 50 V 

Fi = fuse, 120 V, 2 amperes, 
slow-blow 

Li = 10 jxH, Miller 4622 or 
equiv. 


Ri = 1800 ohms 
R:>, Ra = 18000 ohms 
Ra = 12000 ohms, 0.5 watt 
R^ = 680 ohms, 0.5 watt 
Ro = 180 ohms, 0.5 watt 
Rt = 560 ohms, 0.5 watt 
Rs = 22000 ohms, 0.5 watt 
Ra = 270 ohms, 0.5 watt 
Rio = 2700 ohms, 0.5 watt 
Rn m 390 ohms, 0.5 watt 
Ri 2 =: 47 ohms, 0.5 watt 
Ri.{, Rio = 1000 ohms, 0.5 
watt 

Rw = 6800 ohms, 0.5 watt 


Ria, Ri 7 = 68 ohms, 0.5 watt 

Ri8, Ri9, R20, R23 = 100 ohms, 
0.5 watt 

R 21 , R 22 = 0.39 ohm, 5 watts 

Rai, R 2.5 = 22 ohms, 0.5 watt 

51 = 90°C thermal cutout 

5 2 = on-off switch, 120 V, 
single-pole, single-throw 

Ti = power transformer; 
primary 117 V; secondary 
44 V, 4 A; Signal 88-2 
(parallel secondary) or 
equiv. 


NOTES: 

1. All resistors should be non-inductive. 

2. Driver transistors should be mounted on heat sink Wakefield No. 209AB or equiv. 

3. Heat-sink capability of 1.3°C per watt should be provided for each output transistor. 

4. Thermal cutout Si should be mounted on common heat sink with output transistors. 
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16-18 40-W FULL-COMPLEMENTARY-SYMMETRY 

With Darlington Output Transistors 



92CL-26226 



+32 V NL 

( 2 ) 
5500 itF 
CI2 40 V Sc 

32 V NL 


92CS-26225 


Parts List 

Cl = 0.05 tiF, 50 V 
Ca, Ct, Cio = 200 pF 
Ca = 5 fiF, electrolytic, 25 V 
Cl = 100 pF 

Cs = 100 fiF, electrolytic, 

25 V 

Ce = 0.05 /iF 
Cs, Co = 0.01 nF 
Cii, Ci 2 = 5500 fiF, electro¬ 
lytic, 40 V 

Fi = fuse, 120 V, 2 amperes, 
slow-blow 

NOTES: 


Li = 2 /iH; 22 turns of No. 
22 enameled wire wound 
around a 2-watt resistor 
Ri = 18000 ohms, 0.5 watt 
Ra, Ra 12000 ohms, 1 watt 
Ri, Re = 820 ohms, 0.5 watt 
Ro = 200 ohms, 0.5 watt, 5% 
Rt = 15000 ohms, 0.5 watt 
Rs = 560 ohms, 0.5 watt 
Re = 39 ohms, 0.5 watt, 5% 
Rio = 15 ohms, 1 watt, 5% 
Rii = 330 ohms, 0.5 watt 


Ria, Ri5, Ri 6 = 1000 ohms, 
0.5 watt 

Ria = potentiometer, 1000 
ohms, 0.5 watt 
Ri4, Ri 7 68 ohms, 0.5 watt 
Ri 8 = 20000 ohms, 0.5 watt 
Ri9, Rao = 0.39 ohm, 5 watts 
Si rr on-off switch, 120 V, 
single-pole, single-throw 
Sa = 90°C thermal cutout 
Ti == power transformer. 
Signal 88-2 (parallel 
secondary) or equiv. 


1. Heat-sink capability of 1.3°C should be provided for each output transistor, based on 
mounting with mica washer and zinc-oxide thermal compound (Dow Corning No. 340 or 
equiv.) with Ta = 45°C max. 

2. Thermal cutout Sa should be mounted on a common heat sink with output transistors. 
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AUDIO AMPLIFIER (cont'd) 


70 


16-18 


Circuit Description 

This 40-watt audio amplifier uses 
RCA1B07 and RCA1B08 transistors 
as output devices in conjunction with 
nine TO-39 discrete transistors, and 
ten diodes. The amplifier uses a 64- 
volt split power supply with the out¬ 
put directly coupled to an 8-ohm 
speaker. This 40-watt Darlington full- 
complementary-symmetry amplifier 


combines excellent performance witl 
economy. 

RCA1B07 and RCA1B08 are n-p-i 
and p-n-p Darlington silicon transis 
tors respectively. They are especiallj 
characterized for use as output de 
vices in audio applications, and an 
provided in the JEDEC TO-3 pack¬ 
age. 


TYPICAL PERFORMANCE DATA 

Measured at a line voltage of 120V, Ta = 25°C, and a frequency of 1 kHz, 
unless otherwise specified. 


Power: 

Rated power (8-fi load, at 


rated distortion) . 40 W 

Total Harmonic Distortion: 

Rated distortion . 0.5% 

IM Distortion: 

10 dB below continuous 
power output at 60 Hz 

and 7 kHz (4:1). <0.2% 

IHF Power Bandwidth: 

3 dB below rated 
continuous power at 


rated distortion 5 Hz to 50 kHz 


Bandwidth at 

1 W .5 Hz to 100 kHz 

Sensitivity: 

At continuous power- 

output rating . 700 mV 

Hum and Noise: 

Below continuous power 
output: 

Input shorted. 100 dB 

Input open . 85 dB 

With 2 kn resistance on 
20-ft. cable on input ... 97 dB 

Input Resistance. 18 kn 


16-19 70-W QUASI-COMPLEMENTARY-SYMMETRY 

AUDIO AMPLIFIER 


Circuit Description 

This 70-watt amplifier uses the 
RCAlBOl in conjunction with seven 
TO-39 transistors, eleven diodes, and 
an 84-volt split power supply. The 
amplifier output is directly coupled 
to an 8-ohm speaker. This amplifier is 
most useful for instrumentation ap¬ 
plications where ruggedness and raw 


power are essential. 

The RCAlBOl is an n-p-n home- 
taxial-base silicon transistor in a 
JEDEC TO-3 package. This device is 
particularly suitable for audio-output 
use, and can be driven by either the 
RCA1A03 n-p-n or RCA1A04 p-n-p 
transistor. 
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76-19 70-W QUASI-COMPLEMENTARY-SYMMETRY 

AUDIO AMPLIFIER (cont'd) 



Cl = 5 nF, electrolytic, 12 V 
C2 = 180 pF 
Cs = 39 pF 

Cl, Co, Ct = 50 /xF, electro¬ 
lytic, 50 V 

Cr, = 50 uF, electrolytic, 12 V 
Cs, Co, Cii = 0.02 fiF. 50 V 
Cio, Cii, = 0.01 /xF 
Cia, Cia, Cir, = 0.05 fiF, 50 V 
Cio, Ci7 = 3500 nF, electro¬ 
lytic, 55 V 

Fi = fuse, 120-V, 3-ampere, 
slow-blow 

Li = inductor, 10 till, Miller 


No. 4622 or equiv. 

Ri = 1800 ohms, 0.5 watt 
R^, Ro = 18000 ohms, 0.5 
watt 

R.! = 12000 ohms, 0.5 watt 
R 4 = 680 ohms, 0.5 watt 
Rr, = 180 ohms, 0.5 watt 
R 7 , Ri 2 = 470 ohms, 0.5 watt 
Rs = 2700 ohms, 0.5 watt 
R 9 = 270 ohms, 0.5 watt 
Rio = 33000 ohms, 0.5 watt 
Rii = 47 ohms, 0.5 watt 
Ria, Ri5 = 1000 ohms, 0.5 
watt 


Ri 4 = 4700 ohms, 0.5 watt 
Rio, Ri 7 = 68 ohms, 0.5 watt 
Ri8, Ri9, R 2 (), R 23 = 100 ohms, 
0.5 watt 

R 21 , R 22 = 0.33 ohm, 5 watts 
R 24 , R 25 = 22 ohms, 0.5 watt 
Si = 90°C thermal cutout 
Sa = on-off switch, single¬ 
pole, single-throw 
Ti = power transformer; 
primary, 117 V; second¬ 
ary; 56 V, 4 amperes; 
Signal 56-4 or equiv. 


NOTES: 

1. All resistors should be non-inductive. 

2. A heat-sink capability of l^C per watt should be provided for each output transistor, based 
on mounting with mica washer and zinc-oxide thermal compound (Dow Corning No. 340 
or equiv.) with Ta = 45“C max. 

3. Driver transistors should be mounted on printed circuit board heat sink. 

4. Thermal cutout Si should be mounted on a common heat sink with RCAlBOl output 
transistors. 
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16-19 70-W QUASt-COMPLEMENTARY-SYMMETRY 

AUDIO AMPLIFIER (cont'd) 

TYPICAL PERFORMANCE DATA 


120V, Ta = 25°C, and a frequency of 1 k 


Measured at a line voltage of 
unless otherwise specified. 

Power: 

Rated power (8-S2 load, at 

rated distortion) . 70 W 

Typical power (4-n load) . 100 W 

Typical power (16-S2 load) 40 W 

Music power (8-Sl load, at 
5% THD with regulated 

supply) . 100 W 

Dynamic power (8>12 load, 
at 1% THD with regulated 

supply) . 88 W 

Total Harmonic Distortion: 

Rated distortion. 1.0% 


IM Distortion: 

10 dB below continuous 
power output at 60 Hz 


and 7 kHz (4:1) . 0. 

Sensitivity: 

At continuous power- 

output rating . 700: 

Hum and Noise: 

Below continuous power 
output: 

Input shorted . 85 

Input open. 80 

Input Resistance . 20 


1 6-20 1 20-W QUASI-COMPLEMENTARY-SYMMETRY 

AUDIO AMPLIFIER 

With Parallel Output Transistors 


Circuit Description 

This 120-watt amplifier circuit uses 
the RCA1B04 in conjunction with 
eleven other discrete transistors, 
twelve diodes, and a 130-volt split 
power supply. The amplifier output 
is directly coupled to an 8-ohm 
speaker. This RCA 120-watt audio 
amplifier is especially designed for 
top-of-the-line quadrasonic use in ap¬ 


plications requiring V 2 kW of q 
drasonic sound with excellent to 
quality. 

RCA1B04 is an n-p-n silicon pi- 
transistor in a JEDEC TO-3 packa 
This device is especially charact 
ized for audio applications, and < 
be driven by RCA1C12 and RCAK 
transistors. 
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5-20 120-W QUASI-COMPLEMENTARY-SYMMETRY 

AUDIO AMPLIFIER (cont'd) 




irts List 


= 200 pF 

= 5 /iF, electrolytic, 25 V 
= 680 pF 

= 100 fiF, electrolytic, 

!5 V 


1^7 — U.UO fJiJC 

= 75 pF 
Cio = 0.01 iiF 
= 200 pF 

, Ci3 = 10000 nF, 75 V 
= fuse, 120-V, 6-ampere, 
low-blow 

= inductor, 3 tiK at 10 A 


Ri, Rs = 18000 ohms, 0.5 
watt 

R 2 , Rs = 22000 ohms, 1 watt 
Ri, Re, Re = 560 ohms, 0.5 
watt 

Rs = 150 ohms, 0.5 watt, 5% 
Rt = 15 ohms, 0.5 watt, 5% 
Rio = 33 ohms, 0.5 watt, 5% 
Rii = 1000 ohms, 0.5 watt 
Ri 2 = 330 ohms, 0.5 watt 
Ri3 = potentiometer, 1000 
ohms, 0.5 watt 
Ri4, Ri5 = 75 ohms, 0.5 watt 
Rie, Ri7 = 820 ohms, 1 watt 


Ri 8 =,75 ohms, 0.5 watt 
Ri9, R20 = 47 ohms, 1 watt 
R21 = 150 ohms, 0.5 watt 
R22 = 10 ohms, 0.5 watt 
R23, R25, R26, R27 = 1 ohm, 
10 watts 

R 24 = 0.5 ohm, 10 watls 
R 28 = 22 ohms, 0.5 watt 

51 = on-off switch, 120-V, 
single-pole, single-throw 

5 2 = 100®C thermal cutout, 
Elmwood Sensor part No. 
2455-88-4 or equiv. 

Ti = power transformer. 
Signal 88-6 or equiv. 


►TES: 

. All resistors should be non-inductive. 

I. Transistors Qi, Qs, and Q7 should be mounted on a heat sink. Use Wakefield 209AB-series 
type or equiv. 

A heat-sink capability of 1°C per watt should be provided for each output transistor, 
based on mounting with mica washer and zinc-oxide thermal compound (Dow Corning 
No. 340 or equiv.) with Ta = 45°C max. 

. Thermal cutout S 2 should be mounted on common heat sink with output transistors. 
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16-20 120.W QUASI-COMPLEMENTARY-SYMMETRY 

AUDIO AMPLIFIER (contact) 


TYPICAL PERFORMANCE DATA 


Measured at a line voltage 

of 120 V, 

Ta = 25 °C, and a frequency of 1 k 

unless otherwise specified. 

Power: 

Rated power (8-n load, at 


tinuous power at rated 
distortion.5 Hz to 501< 

rated distortion) .... 

120 W 

Sensitivity: 


Typical power (4-n load) 

180 W 

At continuous power out- 


Typical power (16-12 


put rating . 

900] 

load). 

80 W 

Hum and Noise: 


Total Harmonic Distortion: 
Rated distortion . 

0.5% 

Below continuous power 
output: 


IM Distortion: 


Input shorted . 

104 

10 dB below continuous 


Input open. 

88 

power output at 60 Hz 
and 7 kHz (4:1) . 

0.2% 

With 2 kl2 resistance on 
20-ft. cable on in¬ 


IHF Power Bandwidth: 


put . 

104 

3 dB below rated con- 


Input Resistance. 

18 


16-2 1 200-W QUASI-COMPLEMENTARY-SYMMETRY 

AUDIO AMPLIFIER 
With Parallel Output Transistors 


Circuit Description 

This 200-watt amplifier uses eight 
RCA 1B05 transistors, two as drivers 
and six as parallel units in the ampli¬ 
fier output stages. These devices are 
employed in conjunction with eleven 
other discrete transistors, twelve 
diodes, and a 160-volt split power 
supply. The amplifier output is 
directly coupled to an 8-ohm speaker. 
This 200-watt audio amplifier is 


especially designed to feature ri: 
gedness in combination with hi 
power output and excellent hig 
fidelity performance. 

The RCA1B05 is a silicon n-p 
pi-nu transistor in a JEDEC TC 
package. This device is especial 
suitable for applications in audi 
amplifier circuits, in which it may 
used as either driver or output un 
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5-21 200-W QUASI-COMPLEMENTARY-SYMMETRY 

AUDIO AMPLIFIER (cont'd) 


RCAIB05 



rts List 


S| 


T| 


Cio = 200 pF 
= 5 /iF, electrolytic, 25 V 
= 0.003 /iF 

= 100 /iF, electrolytic, 

5 V 

Ca — 0.01 //.F 
Co = 0.05 /xF 
= 100 pF 
= 560 pF 

, Ci3 = 10000 aiF, electro- 
jrtic, 100 V 

= fuse, 120 V, 10 amperes^ 
low-blow 
= 3 AiH 

= 220 ohms, 0.5 watt 
Ro = 18000 ohms, 0.5 
vatt 

Rt = 33000 ohms, 1 watt 
Ra = 620 ohms, 0.5 watt 
= 150 ohms, 0.5 watt, 5% 
= 390 ohms, 0.5 watt 

TES: 


Rio = 22 ohms, 0.5 watt 
Rii = 47 ohms, 0.5 watt, 5% 
Ri2, Ri3 , Ria, Rio, R20 = 100 
ohms, 0.5 watt 
Ri4, Ri 5 = 1000 ohms, 2 watts 
Rit = 1000 ohms, 0.5 watt 
Ris = potentiometer, 10000 
ohms, 0.5 watt 
R21, R22 = 33 ohms, 2 watts 
R23, Roa, R29 == 300 ohms, 

0.5 watt 

R24, R25, R27, R28, R31, R32 = 
1 ohm, 10 watts 
Rso = 0.3 ohm, 10 watts 
R33 = 22 ohms, 2 watts 



-80 V 


-F80V 


92CS-26250 

Si = on-off switch, 120 V, 
single-pole, single-throw 
S 3 = 100 “C thermal cutout, 
Elmwood Sensor Part No. 
2455-88-4 or equiv. 

Ti = power transformer, 
Signal 120-6 or equiv. 


. All resistors should be non-inductive. 

Heat-sink capability of 1°C per watt should be provided for each output transistor., based 
on mounting with mica washer and zinc-oxide thermal compound (Dow Corning No. 340 
or equiv.) 

. Thermal cutomt S 2 should be mounted on a common heat sink with output transistors. 

. Transistor Qa should be mounted on a heat sink Wakefield No. 260-6 SH 5E or equiv. 
Transistors Qi, and Qs i^ould be mounted on a heat sink Wakefield No. 209AB series 
or equiv. 
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76-27 200-W QUASI-COMPLEMENTARY-SYMMETRY 

AUDIO AMPLIFIER (cont'd) 


TYPICAL PERFORMANCE DATA 


Measured at a line voltage 

of 120V, 

Ta 25°C, and a frequency of 1 kH? 

unless otherwise specified. 




Power: 


IHF Power Bandwidth: 




3 dB below rated con- 


Rated power (8-f2 load, at 


tinuous power at rated 


rated distortion) . 

200 W 

distortion.5Hz to 35 kH 

Typical power (4-12 load) 

300 W 

Sensitivity: 


Typical power (16-12 


At continuous power out- 


load) . 

130 W 

put rating .. 

900 m^ 



Hum and Noise: 


Total Harmonic Distortion: 


Below continuous power 


Rated distortion. 

0.5% 

output: 

Input shorted . 

96 dl 

IM Distortion: 


Input open . 

84 dl 

10 dB below continuous 


With 2 kl2 resistance on 


power output at 60 Hz 


20-ft. cable on input . 

94 dl 

and 7 kHz (4:1) . 

0.2% 

Input Resistance . 

18 kJ 


76-22 SERVO AMPLIFIER 



Parts List 


Cl, C 2 , Cl, Cs, Ct5 = 100 /iF, 
electrolytic, 10 V 
Cs = 0.1 /iF, paper 
Ri = 4700 ohms, 0.5 watt 
R 2 = 0.47 megohm, 1 watt 


Rs = 5 ohms, 0.5 watt 
R 4 , Rr> = 270 ohms, 1 watt 
Re, Rt = 22000 ohms, 1 watt 
Rs, R 9 , Rio, Rii = 470 ohms, 
1 watt 


Ri 2 , Ris = 0.5 ohm, 10 watts 
Ti = output transformer, 
Stancor P-8358 or equiv. 
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76-22 SERVO AMPLIFIER (cont'd) 

Circuit Description 


This servo amplifier can supply up 
bo 29 watts of power to the drive 
motor of a servo system with a signal 
input of only 180 millivolts (peak-to- 
peak). The driver portion of the 
amplifier uses a CA3020A inte¬ 
grated circuit. The output stage 
uses Darlington-connected push-pull 
power transistors to develop the re¬ 
quired output power. Appropriate 
alternative transformers can be 
selected for the output transformer 
Ti; the impedance of the transformer 


primary should be approximately 60 
ohms (collector-to-collector). 

The output stage in the CA3020A 
is a class B Amplifier. It requires a 
10-volt supply with current re¬ 
quirements as shown in accordance 
with the input-signal amplitude. The 
push-pull output stage also operates 
as a class B Amplifier from a +18- 
volt supply, with supply-current re¬ 
quirements up to 4.7 amperes at the 
specified output power. 


16-23 FREQUENCY-SELECTIVE AUDIO AMPLIFIER 


+20 V 



INCREASE SELECTIVITY 


Parts List 

Cl. Cs, Cl = 0.1 iiF, 25 V or 
greater 

C 2 = 10 fiF, electrolytic, 6 V 

Cs, Ce = 680 pF, 25 V or 
greater 

Ct = 1500 pF. 25 V or 
greater 


Ri = 1 megohm, 0.5 watt, 
10 % 

R 2 = 100000 ohms, 0.5 watt, 
10 % 

Ra = 6800 ohms, 0.5 watt, 
10 % 

Ri = 1200 ohms, 0.5 watt, 
10 % 


92CS-26093 


Rs, Ro = 220000 ohms, 0.5 
watt, 10% 

Rv = potentiometer, 250000 
ohms, linear taper, trim- 
pot 

Rs = potentiometer, 1 meg¬ 
ohm, linear taper 
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16-23 FREQUENCY-SELECTIVE AUDIO AMPUFIER (cont'd) 


Circuit Description 

This frequency-selective audio-fre¬ 
quency amplifier amplifies signals at 
only one predetermined frequency. 
At that frequency, the voltage gain 
is 20 to 30; at other frequencies the 
voltage gain is unity or less. Cir¬ 
cuits of this type are useful in 
screening out undesirable side sig¬ 
nals when copying code or for identi¬ 
fying the frequency of a particular 
signal. 

Potentiometer R 8 controls the level 
of the feedback signal; potentiometer 
R7 is used to adjust or peak the 
twin-T bridge to the desired fre¬ 
quency. The SK3050 dual-gale MOS 
field-effect transistor Qi acts as a 
basic audio amplifier. Part of the out¬ 
put of the amplifier is applied to 


the twin-T bridge oscillator through 
C 3 . At the predetermined frequency, 
where most gain occurs, the filter 
passes the ac at a phase angle that 
assures positive feedback. The feed¬ 
back, adjusted by Rs, is added to the 
incoming signal and causes it to 
increase. 

With the component values shown 
in the parts list, the frequency se¬ 
lected for amplification is approxi¬ 
mately 1000 Hz; the chart below 
shows values of C5, Co, and C 7 re¬ 
quired for other typical frequencies. 

The current drain for this circuit 
is approximately 1.5 milliamperes. 
The maximum input signal is 0.1 volt 
rms. 


Frequency-Selective AP Amplifier Bridge Capacitor 
Values for Various Frequencies 


Approximate 

C5, Ca 

Cr 

Frequency (Hz) 

(pF) 

(pF) 

150 

5600 

12,000 

300 

2700 

6,200 

600 

1300 

3,000 

1200 

680 

1,500 

2400 

330 

750 

4800 

160 

360 

9600 

82 

180 


AUDIO AMPLIFIER-OSCILLATOR 


16-24 

Circuit Description 

This integrated-circuit audio am¬ 
plifier-oscillator can be used as an 
amplifier in portable systems, such 
as portable phonographs, or in any 
application that requires a low- 
power, portable, light-weight unit. 
The amplifier requires an input sig¬ 
nal of 40 millivolts, and provides an 
output power of y 2 watt. Two ampli¬ 
fiers may be used to form a stereo 


system. The audio oscillator can be 
used with a telegraph key as a code 
practice oscillator or with an on-off 
switch to provide a continuous tone. 

The CA3020 used in the amplifier- 
oscillator is a wideband power am¬ 
plifier that includes a voltage regu¬ 
lator, buffer or amplifier, differential 
amplifier and phase splitter, driver, 
and power-output amplifier. The volt- 
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16-24 AUDIO AMPLIFIER-OSCILLATOR (cont'd) 


INPUT BATTERY R5 C6 



Parts List 

Cl, Ca = 5 /iF, electrolytic, 
12 V 

Ca = 0.01 /iF, 25 V or 
greater 

Cl = 1 juF, electrolytic, 6 V 

Cs. Ce = 0.1 juF, 25 V or 
greater (not used in 
amplifier) 


Ri = potentiometer; 100000 
ohms, 0.5 watt, linear 
taper 

Ra = 470000 ohms, 0.5 watt, 
10 % . 

Ra = 4700 ohms, 0.5 watt, 
10 % 

Ri = 1 ohm, 0.5 watt, 10% 


Rs = 2200 ohms, 0.5 watt, 
10 % 

Ti = transformer; primary, 
200 ohms; secondary, 3.2 
ohms, 500 milliwatts; 
United Transformer 
Company HCA308 or 
equiv. 


Circuit Description (cont'd) 

age regulator keeps power dissipa¬ 
tion constant within the — 55 to 
4-125 °C temperature range and sup¬ 
plies two voltages to the differential 
amplifier: a base supply voltage of 
about 1.4 volts and a collector supply 
voltage of about 2.1 volts. 

The chart below shows voltages at 
the terminals of a CA3020 inte¬ 


grated circuit in a properly operating 
circuit. 

Components Cs, Co, and Rs are not 
required in the amplifier. In the os¬ 
cillator circuit, the potentiometer 
acts as a tone control. A 3-volt power 
supply should be sufficient for most 
oscillator uses; the 9-volt supply 
tends to make the audio output level 
too high for comfort. 


Voltages at IC Terminals in 
Audio Amplifier-Oscillator 


Terminal Voltage (Volts) 


1 

2 

3 

4 

7 

8 
9 

10 


3.8 

0.8 

0.8 

9 

9 

9 

9 

4.5 
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AUDIO OSCILLATOR 


16-25 

Circuit Description 

This basic audio-oscillator' circuit 
may be used to provide a single-tone 
sine-wave output at any frequency 
to well above 100 kHz. (A chart of 
capacitance values is shown for dif¬ 
ferent frequencies of operation.) The 
circuit is excellently suited for use 
in the testing of high-fidelity audio 
equipment and amateur radio trans¬ 
mitters; it can also be adapted for 
use as a code-practice oscillator. (A 
keyer can be inserted between points 
A and B.) The oscillator operates 
from a dc supply of 12 volts and sup¬ 
plies a relatively distortion-free out¬ 
put waveform to any circuit that has 
an input impedance of 3000 ohms or 
more. 

The SK3020 amplifier transistor 
Qi, capacitors Ci, C 2 , Ca, and C 4 , and 
resistors Ri, R2, and Ra form a basic 
twin-T oscillator circuit. A portion 


of the signal developed at the collec¬ 
tor of transistor Qi is applied to 
the twin-T network formed by Ci, 
C2, Ca, Ri, Ri, Ra, and R4. Poten¬ 
tiometer Ri provides an adjustment 
of approximately ±10 per cent in 
the oscillator frequency. The output 
of this network is then coupled to 
the base of transistor Qi through 
capacitor C 4 to supply the positive 
feedback required to sustain oscilla¬ 
tion. The oscillator-stage output 
from the collector of transistor Qi 
is applied to the base of the SK3020 
output transistor Q2, which is oper¬ 
ated in an emitter-follower circuit 
configuration. This stage amplifies 
the oscillator output to provide the 
sine-wave output signal. Poten¬ 
tiometer Rt in the emitter circuit of 
transistor Q, is adjusted to obtain 
the desired output waveform. 



Parts List 

Cl, C 2 = see chart for value, 
mica or paper 
C 3 = twice the value of 
Cl, mica or paper 
C 4 = 1 juF, electrolytic, 
12 V 

Co = 300 /iF for frequen¬ 
cies below 2000 Hz or 
5 /iF for frequencies 


above 2000 Hz, electro¬ 
lytic, 6 V 

Co = 20 /iF, electrolytic, 
6 V 

Ri = 2700 ohms, 0.5 watt 

R 2 = Frequency control, 
potentiometer, 5000 ohms, 
0.5 watt 


R 3 , R 4 51000 ohms, 0.5 
watt 

Rs = 22000 ohms, 0.5 watt 
Ro = 4700 ohms, 0.5 watt 
Rt = Wave-shape control, 
potentiometer, 250 ohms, 
0.5 watt 

Rs = 820 ohms, 0.5 watt 
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16-25 AUDIO OSCILLATOR (eonf'd) 

Capacitor Selection Chart for Different 
Operating Frequencies 

Approx. Freq. (Hz) Value of Ci and C2 


100,000 

50 pF 

50,000 

100 pF 

10,000 

500 pF 

5,000 

1000 pF 

1,000 

0.005 MF 

500 

0.01 /iF 

100 

0.05 fiF 

50 

0.1 fiF 

10 

0.5 fiF 

5 

1 fiF 


CODE-PRACTICE OSCILLATOR 


16-26 

Circuit Description 

This simple audio oscillator oper¬ 
ates from a dc supply of 1.5 to 4.5 
volts, depending on the amount of 
output desired. Magnetic headphones 
provide an audible indication of key¬ 
ing. When the key is closed, the 
SK3003 transistor supplies energy to 
the resonant circuit formed by ca¬ 
pacitors Cl and Cl! and the inductance 


of the headphones, and this circuit 
resonates to produce an audio tone 
in the headphones. Positive feedback 
to sustain oscillation is coupled 
from the resonant circuit through 
Cl and Co to the emitter of the 
SK3003. Ri is adjusted to obtain the 
desired level of sound from the 
headphones. 



Parts List 

B = 1.5-4.5 V (One to three 
series-connected RCA 
VS036 dry cells may be 
used, depending upon the 
volume level desired.) 


Cl, C 2 — 0.1 fiF, paper, 
150 V 

H = Headphone, 2000-ohm, 
magnetic 

Ri = 2200 ohms, 0.5 watt 


Ra = 27000 ohms, 0.5 watt 
R 3 = 3000 ohms, 0.5 watt 
Ri m volume control poten¬ 
tiometer, 50000 ohms, 0.5 
watt 
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16-27 PREAMPLIFIER FOR 6-, 10-, OR 15-METER 
AMATEUR-BAND RECEIVER 



Parts List 

B = Two RCA type VS323 
batteries for transistor 
service; and one case, 
Bud-CU2103A or equiva¬ 
lent. 

Cl = 8 pF, mica or ceramic 
tubular 

C 2 , C 3 , Cl, Cs, Ct = 0.01 
juF, ceramic 

Ce = 10 pF, mica or ceramic 
tubular 


Ji, J 2 = Coaxial receptacle, 
Amphenol BNC type UG- 
1094 or equiv. 

Li, L 2 = 1.6 to 3.1 /iH, ad¬ 
justable, Miller 4404 or 
equiv. 

La = 22 /iH, Miller 74F- 
225A1 or equiv. 

Ri =: 27,000 ohms, 0.25 watt, 
10 % 

R 2 = 150,000 ohms, 0.25 


watt, 10%, carbon 
Ra 1,800 ohms, 0.25 watt, 
10%, carbon 

Ri = 100,000 ohms, 0.25 
watt, 10%, carbon 
Rs = 33,000 ohms, 0.25 
watt, 10%, carbon 
Re = 270 ohms, 0.25 watt, 
10%, carbon 

Si = toggle switch, single¬ 
pole, single-throw 


Tuned-Circuit Components for 
21 and 50 MHz 


Component 


Value 

21 MHz 50 MHz 


Cl 

C2, Ca, Cl, C: 

Ct 

Ce 

Li 


22 pF 

No Change 
22 pF 

No Change 


L 2 No Change 

La No Change 


8pF 
1,000 pF, 
ceramic 
10 pF 

8 turns, No. 30 
E wire on 
inch - diameter 
core (Miller 
4500 or equiv.) 
Link: 2 turns. 
No. 30 E wire 
on ground end. 
Same as Li 
6.8 //H (Miller 
74F686AP or 
equiv.) 
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16-27 PREAMPLIFIER FOR 6-, 10-, OR 15-METER 
AMATEUR-BAND RECEIVER (cont'd) 


Circuit Description 

This inexpensive, easily con¬ 
structed preamplifier circuit uses a 
3N187 dual-gate-protected MOS 
transistor to provide more than 26 
dB of gain ahead of a receiver oper¬ 
ated in the 6 -, 10-, or 15-meter ama¬ 
teur band. This additional gain, to¬ 
gether with the low noise figure of 
the preamplifier (less than 2.5 dB), 
substantially increases both the sen¬ 
sitivity and signal-to-noise ratio of 
the receiver. The circuit as shown 
is intended for use in the 10 -meter 
(28-MHz) frequency band; the 
3N187 MOS transistor, however, has 
excellent performance characteris¬ 
tics at frequencies well below the 
10 -meter band and up to 200 MHz. 
The preamplifier, therefore, can be 
readily adapted for use in other 
frequency bands with only a few 
changes in tuned-circuit components. 
A chart is provided to show the 
changes in tuned-circuit components 
required for operation in the 15- 
meter (21-MHz) and 6 -meter (50- 
MHz) bands. The dc operating volt¬ 
age for the preamplifier may be ob¬ 
tained from a battery supply, as 
shown in the circuit diagram, or 
from any other reasonably well- 
filtered dc supply voltage of 15 to 
18 volts. 

The dual-gate MOS transistor in 
the preamplifier is operated so that 
essentially it is electrically equiva¬ 
lent to two single-gate MOS transis¬ 
tors connected in cascode and en¬ 
closed in the same package. The 
advantage of the dual gate transis¬ 
tor is that it provides an inexpensive 


cascode circuit that offers maximum 
resistance to cross-modulation from 
nearby transmitters. 

The rf input is link coupled from 
the antenna to the input tuned cir¬ 
cuit formed by Li and Ci and applied 
to gate No. 1 (pin 3) of the 3N187 
transistor. This gate, which is 
equivalent to the gate (or base) of 
the grounded-source (or -emitter) 
section of a two-transistor cascode 
circuit, is forward-biased by the dc 
voltage at the junction of the volt- 
age-divider resistors Ri and Ra. The 
source resistor Ra is large enough 
to assure that gate No. 1 is always 
negative with respect to the source. 
Gate No. 2 (pin 2 ), in accordance 
with cascode-circuit requirements, is 
returned to ac ground through ca¬ 
pacitor Ca. The dc bias level for this 
gate, established by the voltage di¬ 
vider R 4 and Rs, represents a compro¬ 
mise between optimum gain and op¬ 
timum cross-modulation resistance. 
The amplified rf signals developed in 
the drain circuit of the 3N187 tran¬ 
sistor are link coupled from the 
tuned-circuit drain load impedance 
formed by La and Co, through co¬ 
axial connector Ja to the input of 
the receiver. 

Tuning of the preamplifier is sim¬ 
plified because no special neutrali¬ 
zation is required, even at frequen¬ 
cies as high as 155 MHz. Rough 
adjustments of coils Li and La can 
be made by use of a grid-dip oscil¬ 
lator. The finishing adjustments are 
then made while listening to a weak 
station. 


76-28 STABLE VARIABLE-FREQUENCY OSCILLATOR 

Circuit Description 

This VFO circuit uses a 40823 oscillator stage and SK3018 and 
dual-gate-protected MOS transistor SK3020 bipolar transistors in a two- 
in a highly stable variable-frequency stage isolation (output) amplifier to 
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16-28 STABLE VARIABLE-FREQUENCY OSCILLATOR (cont'd) 


+ 6 . 8 V +IOV 




Cl = Double-bearing vari¬ 
able capacitor, Millen 
23100 or 23050 (or equiv.) 
depending upon fre¬ 
quency range (see Tuned- 
Circuit Data) 

C 2 = Air-type trimmer ca¬ 
pacitor, 25 pF maximum, 
Hammarlund APC-25 or 
equiv. 

C 3 , Ci, Cs, Ce = silver-mica 
capacitors (see Tuned- 
Circuit Data for values) 

Ct = 2200 pF, silver mica 

Cs = 0.05 pF, ceramic disc, 
50 V. 

C 9 = 0.1 pF, ceramic disc, 
50 V. 


Cio, Cii = 1500 pF, feed¬ 
through 

C 12 = 0.025 juF, ceramic 
disc, 50 V. 

Ci3 = 500 juF, electrolytic, 
12 V. 

Ci4 = 500 /iF, electrolytic, 
12 V. 

Ci3 = 50 yxF, electrolytic, 
12 V. 

Di = Zener diode, 12-volt, 
1-watt 

D 2 = Zener diode, 6.8 volt, 
1-watt 

Ji = Coaxial connector 

Li = Variable inductor (see 
Tuned-Circuit Data for 
details) 


L 2 = Miniature rf choke, 
Ri = 22000 ohms, 0.5 watt 
R 2 = 12000 to 47000 ohms, 
0.5 watt; select value for 
2-volt peak output level 
at input to transmitter 
Rs = 12000 ohms, 0.5 watt 
Rt = 820 ohms, 0.5 watt 
Rs = 47000 ohms, 0.5 watt 
Ro = 240 ohms, 0.5 watt 
Rt = 2200 ohms, 0.5 watt 
Rs =: 220 ohms, 0.5 watt 
R 9 = 180 ohms, 0.5 watt 
Ti = 6.3-volt, 1.2-ampere 
filament transformer 
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16-28 STABLE VARIABLE-FREQUENCY OSCILLATOR (cont'd) 


Tuned-Circuit Data 


MHz 

3.5-4.0 

MHz 

5.0-5.5 

MHz 

8.O.9.O 

Li 

No. of turns 

17* 

14%* 

11 Va** 

Wire size 

20 

20 

18 

Turns/inch 

16 

16 

8 

Diam., inches 

1 

1 

1 

Ci, p. 

100 

50 

50 

C 2 , pf. 

25 

25 

25 

Cs, pf. 

100 

None 

None 

Ci, pf. 

390 

390 

270 

Cs, pf. 

680 

680 

560 

Ce, pf. 

680 

680 

560 


* B & W 3015, AirDux 816T, or equiv. 
** B & W 3014, AirDux 808T, or equiv. 


Circuit Description (cont'd) 

achieve exceptional frequency sta¬ 
bility at low dc operating poten¬ 
tials. The MOS-transistor oscillator 
circuit is useful at any frequency up 
to and including the 144-MHz band. 
Tuned-circuit data are provided for 
the standard 3.5-to-4-MHz band, for 
the 5-to-5.5-MHz band for single¬ 
sideband transmitters, and for the 
8-to-9-MHz band for 50- and 144- 
MHz transmitters. (See chart on 
page 607.) 

The oscillator stage is a Colpitts 
type. The variable capacitor Ci is 
the tuning control for the circuit. 
With a Millen 10037 (or equivalent) 
‘*no sting” dial coupled to the shaft 
of this capacitor, the oscillator tun¬ 
ing range encompasses essentially 
the full dial area. Capacitor C 2 is 
the trimmer adjustment for the cir¬ 
cuit. The effect of changes in tran¬ 
sistor-element capacitances is re¬ 
duced to a minimum by use of a 
three-capacitor (C 4 , Cs, and Ce) volt¬ 
age divider. The relatively large 
values of the capacitors Cs and Ce, 
which are connected across the gate- 
to-source circuit of the MOS tran¬ 
sistor, almost completely obviate the 
effect of the transistor capacitances. 
The rf choke Li provides the re¬ 
quired low voltage (IR) drop for 
the source current of the MOS 
transistor. 

The 1N914 silicon rectifier in the 
gate circuit of the oscillator stage 


is used to provide the rectified gate 
current for the MOS transistor. This 
rectifier makes possible a degree of 
automatic bias comparable to that 
obtainable with an electron tube and, 
in this way, contributes substantially 
to the frequency stability of the VFO 
circuit. The use of silver-mica types 
for all fixed-value capacitors in the 
oscillator stage assures a stable fre¬ 
quency-temp erature characteristic. 

The output of the oscillator stage 
is coupled from the source of the 
MOS transistor, through capacitor 
C 7 and resistor Ri, to the base of 
the SK3018 bipolar transistor used 
in the input stage of the isolation 
amplifier. The output of the SK3018 
transistor, in turn, drives the 
SK3020 emitter-follower output 
stage. The isolation amplifier is es¬ 
sentially a two-stage, direct-coupled, 
negative-feedback output circuit 
that greatly reduces the effect of 
a change in output conditions on 
oscillator performances and pro¬ 
vides a convenient means (by a 
change in the value of resistor Ri) 
to vary the output voltage of the 
VFO circuit. 

The dc operating potentials for 
the VFO circuit can be obtained di¬ 
rectly from a 12-volt source. For 
operation from a 117-volt, 60-Hz ac 
source, a low-voltage dc supply, such 
as that shown in the circuit dia¬ 
gram, may be used to supply the re- 
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16-28 STABLE VARIABLE-FREQUENCY OSCILLATOR (cont'd) 


Circuit Description (cont'd) 

quired voltage. The 117-volt ac 
source voltage is stepped down to 
6.3 volts ac by the power trans¬ 
former Ti and then converted to a 
dc voltage of 12 volts by the volt- 
age-doubler circuit formed by the 
D1201B rectifier diodes and filter 
capacitors Cw and Cu, The two 
SK3020 bipolar transistors and the 
Zener diodes Di and D 2 connected 
between points A and B of the volt- 
age-doubler circuit form an elec¬ 
tronic voltage regulator that main¬ 
tains constant dc output voltages 
with changes in the input ac voltage. 

The voltage-regulator circuit is 
also used when the VFO is operated 
in a mobile system. For this type of 
operation, the power transformer Ti 


and the voltage doubler are discon¬ 
nected from the remainder of the 
circuit, and points A and B are con¬ 
nected to the positive and negative 
terminals, respectively, of a 12 -volt 
battery. 

The VFO circuit is characterized 
by its exceptional frequency stabil¬ 
ity. A unit designed to operate in 
the 3.5-to-4-MHz frequency range 
exhibits a frequency drift of less 
than 30 Hz in 2 hours after a 30- 
second warm-up. A 5-to-5.5-MHz 
unit has a frequency drift of less 
than 50 Hz for the same period, and 
a 8-to-9-Mz unit has a frequency 
drift of only slightly more than 200 
Hz. 


76-29 50-MHz, 40-WATT CW TRANSMITTER 

With Load-Mismatch Protection 


Circuit Description 

This CW transmitter uses a VSWR 
bridge circuit to maintain a steady- 
state dissipation in the output stage 
under all conditions of antenna mis¬ 
match. This technique makes it pos¬ 
sible to realize the full power poten¬ 
tial of the 40341 overlay transistor 
used in the output stage. 

The 50-MHz crystal-controlled 
2N3118 oscillator stage develops the 
low-level excitation signal for the 
transmitter. The 50-MHz output sig¬ 
nal from the collector of the oscilla¬ 
tor transistor is coupled by L 3 to 
the base of a second 2N3118 used 
in a predriver stage (low-level am¬ 
plifier). This step-down transformer 
matches the collector impedance of 
the oscillator transistor to the low- 
impedance base circuit of the pre¬ 
driver transistor. The collector cir¬ 
cuit of the predriver is tuned to 
provide maximum signal output at 
50 MHz. This signal is coupled from 
a tap on inductor Ls to the input 


(base) circuit of the driver stage, 
which uses a 2N3375 silicon power 
transistor to develop the power re¬ 
quired to drive the output stage. 

The 40341 overlay transistor used 
in the output stage develops 40 watts 
of power output at the transmitting 
frequency of 50 MHz. The driving 
power for the output stage is 
coupled from the collector of the 
driver transistor through a bandpass 
filter to the base of the output tran¬ 
sistor. The filter networks in the 
collector circuit of the 40341 pro¬ 
vide the required harmonic and 
spurious-frequency rejection. The 
50-MHz output from these filter 
sections is coupled through a length 
of 50-ohm coaxial line to the an¬ 
tenna. Capacitors Co, Co, and Cia 
are adjusted to provide optimum 
impedance match between the trans¬ 
mitter and the antenna. 

The output of the transmitter is 
sampled by a current transformer 
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50-MHz, 40-WATT CW TRANSMITTER (cont'd) 


16-29 


Parts List 

Cl = variable capacitor, 90 
to 400 pF, Arco No. 429 
or equiv. 

C 2 = 51 pF, mica 

Ca = 30 pF, ceramic 

C4, Cs, Cii, Ci 4 , Ci 9 , C20 =: 
feedthrough capacitor, 
1000 pF 

Ce = variable capacitor, 1.5 
to 20 pF. Arco No. 402 
or equiv. 

C? = 36 pF, mica 

Cs, Ci«, C 22 = 0.02 /xF, 

ceramic 

Co, Cio = variable capacitor, 
8 to 60 pF, Arco No. 404 
or equiv. 

C 12 = 91 pF, mica 

Ci3 = variable capacitor, 
0.9 to 7 pF, Vitramon No. 
400 or equiv. 

C 16 = variable capacitor, 


14 to 150 pF, Arco No. 
426 or equiv. 

Ci7 = 1000 pF, ceramic 
Cis = 0.01 ^F, ceramic 
C 21 variable capacitor, 
32 to '250 pF, Vitramon 
No. 464 or equiv. 

Li = 1 turn of No. 16 wire; 
inner diameter, >yi6 inch; 
length, Va inch 
L 2 =: rf choke, 1 /xH 
L 3 = oscillator coil; pri¬ 
mary, 7 turns; secondary, 
l-% turns; wound from 
No. 22 wire on CTC coil 
form having “white dot” 
core 

Li = 5 turns of No. 16 wire; 
inner diameter, ^/iq inch: 
length, y 2 inch 
Ls, Lit, Lo, Lio, Lii = rf 
choke, 7 /xH 


Lo = 4 turns of B & W No. 

3006 coil stock 
Ls = 6 turns of No. 16 wire; 
inner diameter, % inch; 
length, 3,4 inch 
Ri, Re = 510 ohms. 0.5 watt 
R 2 = 3900 ohms, 0.5 watt 
Rs, Rs = 2.2 ohms, wire- 
wound, 0.5 watt; Inter¬ 
national Resistor Corp. 
BWH type, or equiv. 

Rt = 51 ohms, 0.5 watt 
Rr, = 24000 ohms, 0.5 watt 
Rt = 240 ohms, 0.5 watt 
Ro age control, poten¬ 
tiometer, 50000 ohms 
Rio =: 5.6 ohms, 1 watt 
Ti = current transformer 
(toroid), Arnold No. A4- 
437-125-SF, or equiv. 
XTAL = 50-MHz trans¬ 
mitting crystal 


Circuit Description (confd) 

(toroid) Ti loosely coupled about the 
output transmission line. This trans¬ 
former is the sensor for a VSWR 
bridge detector used to prevent ex¬ 
cessive dissipation in the output 
stage under conditions of antenna 
mismatch. If the antenna is dis¬ 
connected or poorly matched to the 
transmitter, large standing waves of 
voltage and current occur on the 
output transmission line. A portion 
of this standing-wave energy is ap¬ 
plied by Ti to the 1N3067 diode in 
the bridge circuit. The rectified cur¬ 
rent from this diode charges capaci¬ 
tor C 18 to a dc voltage proportional 
to the amplitude of the standing 
waves. This voltage, which is essen¬ 


tially an age bias, is applied to the 
base of the 2N3053 age amplifier 
stage. The output of the age stage 
biases the 2N3118 predriver stage 
so that its gain changes in inverse 
proportion to the amplitude of the 
standing wave on the output trans¬ 
mission line. Therefore, as the am¬ 
plitude of the standing waves in¬ 
creases (tending to cause higher 
heat dissipation in the output tran¬ 
sistor), the input drive to the out¬ 
put stage is reduced. This compen¬ 
sating effect maintains a steady-state 
dissipation in the output transistor 
regardless of mismatch conditions 
between the transmitter output cir¬ 
cuit and the antenna. 


175-MHz, 35-WATT AMPLIFIER 


16-30 

Circuit Description 

This four-stage rf power amplifier 
operates from a dc supply of 13.5 
volts and delivers 35 watts of power 


output at 175 MHz for an input of 
125 milliwatts. The silicon overlay 
transistors used in the amplifier 
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Cl = variable capacitor. 3 
to 35 pF, Arco No. 403, 
or equiv. 

Cs. Ce, Cie, Ci7. Cis, Cio, C27 
= variable capacitor, 8 to 
60 pF, Arco No. 404, or 
equiv. 

Ca, Ct, Cii = 0.1 fiF, ceramic 
disc 

C4, Cs, C12, C21, C 23 , C25 = 
feedthrough capacitor, 
1500 pF 

Cs, Cio, Ci3, Ci4, C 20 = vari¬ 
able capacitor. 7 to 100 
pF, Arco No. 423, or 
equiv. 

Co = variable capacitor, 14 
to 150 pF, Arco No. 424 
or equiv. 

Ci5 = variable capacitor, 1.5 
to 20 pF, Arco No. 402 
or equiv. 

C20, C22, C24 = 0.2 fiF, 

ceramic disc 

Li = 2 turns of No. 16 wire; 
inner diameter, inch; 
length, 14 inch 

L 2 , Ls, Ls = 450-ohm ferrite 
rf choke 

Ls, Le, Lii = rf choke, 1.0 

nK 

L 4 , Lt = 3 turns of No. 16 
wire; inner diameter, 
inch; length, 14 inch 

Lo = I-V 2 turns of No. 16 
wire; inner diameter, 
inch; length. % inch 

Lio = 2 turns of No. 16 wire; 
inner diameter, 14 inch; 
length, %6 inch 

Li 2 , Li3, Li4 = 5 turns of No. 
16 wire; inner diameter, 
1/4 inch; length, V 2 inch 

Li5, Lie. Lit = 2 turns of No. 
18 wire; inner diameter, 
Ys inch; length, Ys inch 

Li8, Li9, L 20 = 2 turns of No. 
16 wire; inner diameter 
1/4 inch; length, V 4 inch 


12 W 
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16-30 175-MHz, 35-WATT AMPLIFIER (cont'd) 


Circuit Description (cont'd) 

supply maximum output power at 
this level of dc voltage for use in 
mobile systems. 

The low-level portion of the am¬ 
plifier consists of three unneutral¬ 
ized, class C, common-emitter rf 
amplifier stages interconnected by 
band-pass filters tuned to provide 
maximum transfer of energy at 175 
MHz. The 40280 input stage develops 
1 watt of power output when a 125- 
milliwatt 175-MHz signal is applied 
to the amplifier input terminal. This 
output is increased to 4 watts by 
the 40281 transistor used in the sec¬ 
ond stage. The 40282 driver transis¬ 
tor then develops 12 watts of driv¬ 
ing power for the output stage. 

When the low-level stages and the 
output stage are mounted on sepa¬ 
rate chassis, the output from the 


driver stage is coupled to the output 
stage through a low-loss coaxial 
line. The line is terminated by vari¬ 
able capacitors Cis and Cio and in¬ 
ductor Ln. The capacitors are ad¬ 
justed to assure a good impedance 
match between the output of the 
driver and the input of the output 
stage at 175 MHz. The driving sig¬ 
nal developed across inductor Lu is 
applied to the tuned input networks 
of three parallel-connected 40282 
transistors in the single-ended out¬ 
put stage. For an input of 12 watts, 
the three 40282 transistors deliver 
35 watts of 175-MHz power to the 
output terminal of the amplifier. 
Capacitors C20 and C27 are adjusted 
to match the amplifier output to the 
load impedance at the operating 
frequency. 


16-31 40-WATT PEAK-ENVELOPE-POWER AIRCRAFT-BAND 
AMPLIFIER FOR AM TRANSMITTERS 


Circuit Description 

This broadband rf power amplifier 
is intended for use in amplitude- 
modulated (AM) transmitters oper¬ 
ating in the aircraft communication 
band (118 to 136 MHz). The circuit 
is simple and easy to duplicate and 
requires a minimum of adjustments. 
The amplifier uses 2N3866 and 
40290 transistors in a two-stage pre¬ 
driver, a 40291 in the driver stage, 
and two 40292 transistors in a push- 
pull output stage. These transistors, 
which are epitaxial silicon planar 
types of the “overlay” emitter- 
electrode construction, are intended 
for low-voltage, high-power opera¬ 
tion in amplitude-modulated class 
C amplifiers. 

In addition to standard break¬ 
down-voltage ratings, the 40290, 
40291, and 40292 transistors have 


rf breakdown-voltage characteris¬ 
tics which assure safe operation 
with high rf voltage on the collector. 
The 40292 transistors used in the 
final amplifier stage are 100-per-cent 
tested for load mismatch at a VSWR 
of 3:1. During this test, the transis¬ 
tor is fully modulated to simulate 
actual operation for added reli¬ 
ability. 

The amplifier is capable of deliv¬ 
ering peak envelope power of 40 
watts at a modulation of 95 per cent 
with a collector voltage of 12.5 volts 
dc. Unmodulated drive of 5 milli¬ 
watts is required at the input. The 
over-all efficiency of the amplifier 
is 48 to 53 per cent, and the en¬ 
velope distortion is less than 5 per 
cent for amplitude modulation of 95 
per cent. 
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16-31 40-WATT PEAK-ENVELOPE-POWER AIRCRAFT-BAND 
AMPLIFIER FOR AM TRANSMITTERS (cont'd) 


f«ll8H36MHz 
P|IH«5 mW 

Z«50a Z=50fl 



Cl = 300 pF, silver mica 

C 2 = 0.005 jtiF, ceramic 

Cs, C 4 , Co, Co, Cii, Ci7 = 
Feedthrough capacitor, 
1000 pF 

Cs = 50 pF, silver mica 

Ct, Cio, Cis, C 18 = 0.5 iiF, 
ceramic 

Cs, Cvi, Ci4 = 82 pF, silver 
mica 

Ci3, Cio, Cie = 150 pF, silver 
mica 

C 20 = Variable capacitor, 
8 to 60 pF, Arco No. 404 
or equiv. 

Li = 7 turns of No. 22 wire. 


13/64 inch in diameter, 
9/16 inch long, tapped at 
1.5 turns 

L 2 = 5.5 turns of No. 22 
wire, 13/64 inch in 

diameter, closely wound 
on Cambion IRN-9 (or 

equiv.) core material, 
tapped at 2 turns 

La = 6 turns of No. 22 
wire, 13/64 inch in 

diameter, interwind with 
Li on Cambion IRN-9 (or 
equiv.) core material 

Li = 4 turns of No. 22 
wire, 13,/64 inch in 

diameter, interwind with 


La on common core 
Ls = 5 turns of No. 22 
wire, 13/64 inch in 
diameter, center-tapped; 
interwind with La 
Lo = Same as Ls; interwind 

with Tj: 

RFC = 1 turn of No. 28 
wire, ferrite bead Ferrox- 
cube No. 56-590-65/4B, 
or equiv. 

Ri = 470 ohms, 0.5 watt 
Ra = 1500 ohms, 0.5 watt 
Ra = 47 ohms, 0.5 watt 
Ri = 15 ohms, 0.5 watt 
Rs = 33 ohms, 0.5 watt 


Performance Characteristics 


DC Simply Voltage 
Peak Envelope Power 
Modulation 
ElQ&ciency 

Envelope Distortion 
for 95% AM 
Second Harmonic 


12.5 

V 

40 

w 

95 

% 

48-53 

% 

<5 

% 

>10 

dB down 
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16-32 16-WATT 225-TO-400-MHZ POWER AMPLIFIER 



+ 28 V 


Parts List 

Cl = Gimmick capacitor, 
2.2 pF, Quality Com¬ 
ponents type 10% QC or 
equiv. 

Cs = 10 pF, silver mica 

Ca = Variable capacitor, 0.8 
to 10 pF, Johanson No. 
3957 or equiv. 

Ci = Gimmick capacitor, 
1.0 pF, Quality Com¬ 
ponents type 10% QC or 
equiv. 

Co = Gimmick capacitor, 
1.5 pF, Quality Com¬ 
ponents type 10% QC or 
equiv. 

Cg = 36 pF, ATC-100 type 


or equiv. 

Ct = 51 pF, ATC-100 type 
or equiv. 

Cs = 68 pF, ATC-100 type 
or equiv. 

Co = 47 pF, ATC-100 type 
or equiv. 

Cio = 1 fiF, electrolytic, 

50 V 

Cii = 12 pF, silver mica 

Ci 2 = Feedthrough capaci¬ 
tor, 1000 pF, Allen-Brad- 
ley No. FA5C or equiv. 

Cia = Variable capacitor, 
0.8 to 20 pF, Johanson 
No. 4802 or equiv. 


92CS-26243 


Li, La, Li = RF choke, 0.18 
fiH, Nytronics type P. 
#DD-0.18 or equiv. 

Le = 1.5 turns* 

L.'i = Copper strip, 5/8 inch 
long, 5/32 inch wide 
Lg = RF choke, 0.1 fiH, 
Nytronics type P. #DD- 
0.10 

Lt = Transistor base lead, 
0.5 inch long 
Ls, Lio — 3 turns* 

Lg = 2 turns* 

Ri = 100 ohms, 1 watt 
R 2 , R.-} = 100 ohms, 0.5 watt 
Ri zz: 5.1 ohms, carbon, 0.5 
watt 


* All coils are wound from No. 18 wire with an inner diameter of 5/32 inch and a 
pitch of 12 turns per inch. 


Circuit Description 

This broadband power amplifier 
provides a constant power output 
of 16 watts with a gain variation of 
less than 1 dB over a bandwidth of 
225 to 400 MHz for an input driving 
power of 3 to 4 watts. Two of these 


amplifiers can be connected in paral¬ 
lel to provide a constant power out¬ 
put of 25 watts over this frequency 
range. In a 225-to-400-MHz high- 
power transistor amplifier, a good 
transistor package is of particular 
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16-32 16-WATT 225-TO-400-MHZ POWER AMPLIFIER (cont'd) 


Circuit Description (cont'd) 

importance. Low parasitic induct¬ 
ances are essential because the real 
part of the transistor input imped¬ 
ance is inherently low. 

The RCA-2N5919A transistor used 
in the broadband amplifier features 
a stripline package specifically de¬ 
signed for use in the 225-to-400- 
MHz frequency range. This transis¬ 
tor is operated in the Class C mode, 
as is usually the case in high-power 
rf amplifiers. If the amplifier is to 
be used in an amplitude-modulated 
system, the linearity requirements 
can be met by use of envelope cor¬ 
rection, a slight forward bias, or 
both. The amplifier operates from 
a dc supply of 28 volts. 

The broad fiat response of the 
amplifier results from the fact that 
the circuit is designed for the best 
possible match across the band and 
that some of the power at the low 


end of the band is dissipated through 
dissipative RLC networks. The low 
input VSWR of the amplifier (maxi¬ 
mum of 2 to 1 across the frequency 
band) verifies the effectiveness of 
this technique. A low input VSWR 
is necessary for protection of the 
driving stage in a cascade connec¬ 
tion. A flat response reduces the dy¬ 
namic range required in the output 
leveling system. 

The collector efficiency of the 
amplifier has a minimum value of 
63 per cent across the frequency 
band. The second harmonic of a 
225-MHz signal is 12 dB down and 
that of a 400-MHz signal is 30 dB 
down from the fundamental. This 
harmonic rejection is excellent for 
an amplifier that is required to have 
a bandwidth that covers almost an 
octave. 


16-33 DIP/WAVE METER 



Parts List 

Battery = 9-volt transistor 
type, RCA VS323 or 
equiv. 

Cl = variable capacitor, 50 
pF, Hammarlund HF-50 
or equiv. 

Cz, Ct, Cs = 0.01 /tF, ceramic, 
50 V or greater 


Cs = 0.001 /tF, ceramic, 50 
V or greater 

Li = see coil characteristics 
chart 

M = microammeter, 0 to 
100 uA 

Ri = 47000 ohms, 0.5 watt, 
10 % 


R 2 = 1000 ohms, 0.5 watt, 
10 % 

Rs = potentiometer, 10000 
ohms, linear taper 

Ri = 6800 ohms, 0.5 watt, 
10 % 

Si = toggle switch, double¬ 
pole, double-throw 
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DIP/WAVE METER (cont'd) 


16-33 

Circuit Description 

This MOS field-effect-transistor 
dip/wave meter is one of the most 
useful instruments available to the 
electronics experimenter working in 
rf. The meter is essentially an oscil¬ 
lator that can be used to measure 
resonant frequencies. With the power 
switch OFF, the meter becomes an 
absorption-type wavemeter that 
measures the resonant frequency of 
energized rf circuits; with the power 
switch ON, the meter measures the 
resonant frequency of unenergized rf 
circuits. Then, if the inductance of 
the circuit is known, the capacitance 
can be calculated; if the capacitance 
is known the inductance can be 
calculated. 

In operation, the coil of the 
meter is placed close to the tuned 
circuit to be measured. Capacitor Ci 
is then tuned until a movement of 
the meter needle is observed. If the 
dip/wave meter is being used to 
measure an energized circuit, the 
needle will jump upward slightly 
when the frequency of the meter 
oscillator matches that of the LC 
circuit being measured. If the dip/ 
wave meter is being used to measure 
the frequency of an unenergized LC 


circuit, the needle will dip sharply 
at the point of resonance. If the 
meter gives no indication a different 
meter coil should be tried. 

The dip/wave meter is essen¬ 
tially an MOS field-effect-transis¬ 
tor oscillator. Oscillator feedback is 
provided by return of the source to 
a tap on the coil; transistor operat¬ 
ing bias is obtained through the by¬ 
passed source resistor R 2 . Oscillator 
rf voltage is rectified by diode Di 
and measured with the microam¬ 
meter M. Potentiometer Rs adjusts 
the supply voltage to the oscillator 
and the intensity of oscillations or 
sensitivity of the dip/wave meter; 
R 3 also controls the meter reading. 
Cl sets the frequency of the dip/ 
wave meter. 

Care should be taken when the 
dip/wave meter is being operated as 
a wave meter not to overdrive the 
field-effect transistor; this condition 
is encountered when the meter is 
deflected beyond full scale. 

Power is supplied to the dip/wave 
meter by a 9-volt transistor battery. 
The current drain for this circuit is 
2 milliamperes maximum. 


Dip/Wav M ter Typical Coil Characteristics 


Frequency 

(MHz) 


Coil 

Inductance Min. 

* (mH) 

Max. 

Wire 

Size 

A 

280 

1.16 

2.25 

32+ 

B 

99 

2 

4.1 

30+ 

C 

25 

3.9 

8 

28+ 

D 

6.6 

7.7 

16.1 

22+ 

E 

1.7 

15.4 

32.5 

20 a 

F 

0.39 

32 

66 

20 a 

G 

0.16 

50 

110 

12 a 


Turns 

Diameter 
of Coil 

Length 
of Coil 

Tap 

Location 
(No. of 
turns from 

Per 

Coil 

(inches) 

(inches) 

common 

end 

120 ¥2 

1 

11/2 

3014 

72 V 2 

1 

1 

181/4 

46 Vz 

% 

Vs 

1214 

191/2 

% 

%(; 

4% 

111/3 

% 

1 

31/8 

3% 

% 

1/2 

Vs 

3 

% 

1/2 

1 


*Coil A to D close wound on polyethylene forms; E and F space wound on 
polyethylene forms; G self supporting. 

-I-Enameled aTin Plated 
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16-34 basic ASTABIE MULTIVIBRATOR 

(Frequency = 7000 Hz) 


- (0.7CiR:) + (0.7C2R.1) 


Parts List 

Cl, C 2 = 0.1 iiF, paper, 25 V 
R], Ri =z 60 ohms, 5 watts 
R 2 , Rr =: 1000 ohms, 0.5 watt 


Circuit Description 

This astable (free-running) multi¬ 
vibrator develops a square-wave out¬ 
put that has a peak value equal to 
the dc supply voltage (Vcc = 12 
volts) and a minimum value equal 
to the collector saturation voltage of 
the transistors. The circuit is basic¬ 
ally a two-stage nonsinusoidal os¬ 
cillator in which one stage conducts 
at saturation while the other is cut 
off until a point is reached at which 
the stages reverse their conditions. 
The circuit employs two 2N1481 
transistors operated in identical 
common-emitter amplifier stages 
with regenerative feedback resist¬ 
ance-capacitance coupled from the 
collector of each transistor to the 
base of the other transistor. 

When power is initially applied to 
the circuit, the same amount of cur¬ 
rent tends to flow through each tran¬ 
sistor. It is unlikely, however, that 
a perfect balance will be maintained, 
and if the current through transis¬ 
tor Qi, for example, should increase 
slightly without an attendant in¬ 
crease in that through transistor 
Q 2 , the multivibrator will oscillate 
to generate a square-wave output. 

As the current through transistor 
Qi increases, the resultant decrease 
in collector voltage is immediately 
coupled to the base of transistor Q 2 
by the discharge of capacitor Ci 
through resistor R 2 . This negative 
voltage at the base reduces the cur¬ 
rent through transistor Qo, and its 


12 V 



collector voltage rises. The charge 
of capacitor C 2 through resistor R.-} 
couples the increase in voltage at 
the collector of transistor Q 2 to the 
base of transistor Qi, and further 
increases the flow of current through 
Qi. The collector voltage of Qi de¬ 
creases even more, and the base of 
Q 2 is driven more negative. As a re¬ 
sult of this regenerative action, 
transistor Qi is driven to saturation 
almost instantaneously, and, just as 
quickly, transistor Q 2 is cut off. This 
condition is maintained as long as 
the discharge current of Ci develops 
sufficient voltage across R 2 to hold 
Q 2 cut off. The time constant of Ci 
and Ro, therefore, determines the 
time that Q 2 remains cut off (i.e., 
the duration of the positive half¬ 
cycle of the square-wave output). 
During this period, the voltage at 
the output terminal is the dc sup¬ 
ply voltage (12 volts). 

The discharge current from Ci 
decreases exponentially, as de¬ 
termined by the time constant of 
the discharge path, and eventually 
becomes so small that the voltage 
developed across R 2 is insufficient to 
hold Q 2 cut off. The decrease in col¬ 
lector voltage that results when Q 2 
conducts is coupled by C- and Ra 
to the base of Qi. The current 
through Qi then decreases, and the 
collector voltage of this transistor 
rises. The positive swing of the volt¬ 
age at the collector of Qi is coupled 
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76-34 basic ASTABLE MULTIVIBRATOR (cont'd) 


Circuit Description (cont'd) 

by Cl and R 2 to the base of Q 2 to 
increase further the conduction of 
Q 2 . The regenerative action of the 
multivibrator then quickly drives Q 2 
to saturation and Qi to cutoff. The 
length of time that this condition 
is maintained is determined by the 
time constant of C 2 and Rs. During 
this period, which represents the 
negative half-cycle of the square- 


wave output, the voltage at the out¬ 
put terminal is the collector satura¬ 
tion potential of Q 2 . 

If desired, a square-wave output 
may also be obtained from the col¬ 
lector of transistor Qi. This output 
will be equal in magnitude to that 
at the collector of transistor Q 2 , but 
will be opposite in phase. 


76-35 ASTABLE POWER MULTIVIBRATOR 


Parts List 


+30 V 



Cl = 560 pF, 100 V 
Ri = 100 Kilohms, 0.25 watt 
R 2 = 27 Kilohms, 0.25 watt 
Rs = potentiometer, 50000 
ohms 

Rt = 27 Kilohms, 0.25 watt 
R.5 = 100 Kilohms, 0.25 watt 
Ro = 300 Kilohms, 0.25 watt 
Rt = 1 Kilohm, 2 watts 


2 R 1 C 1 In [(t/Ro) + 1 ] 


Circuit Description 

This circuit illustrates the use of a 
CA3094A programmable integrated- 
circuit operational amplifier in an 
astable (free-running) power multi¬ 
vibrator circuit that can produce 
pulses of variable length and simul¬ 
taneously maintain an essentially 
constant pulse repetition rate. Pulse- 
length variability is effected by ad¬ 


justment of potentiometer R3. With 
the component values shown, the cir¬ 
cuit operates at a pulse repetition 
rate of 20 kHz. 

If the CA3094B is used in place of 
the CA3094A, this generic circuit 
can be used at supply voltages up to 
44 volts. 
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LAMP FLASHER 


16-36 

Circuit Description 

This lamp-flasher circuit employs 
a CA3094A programmable inte¬ 
grated-circuit operational amplifier 
in a single-supply astable multivi¬ 
brator circuit. With the component 
values shown, it produces one flash 
per second with a 25 percent ‘^on^^ 
time while delivering output current 
in excess of 100-milliamperes, Dur¬ 
ing the 75 percent “off’^ time it idles 
with micropower consumption. The 


flashing rate can be maintained with¬ 
in ± 2 percent of the nominal value 
over a battery voltage range from 6 
to 15 volts and a temperature excur¬ 
sion from 0 to 70°C. 

If the CA3094B is used in place 
of the CA3094A, this generic circuit 
can be used at supply voltages up to 
44 volts and can switch peak cur¬ 
rents up to 300 milliamperes. 


^ — 2RiCi In (r/Rs + 1) 

Parts List 

Cl = 0.47 iiF, 50 V 
L = No. 57 Lamp 


-f-V 



Ri = 4.3 megohms, 0.25 watt Ri = 12 megohms, 0.25 watt 
R 2 = 18 megohms, 0.25 watt Rs =: 1.2 megohms, 0.25 watt 
R;{ = 3 megohms, 0.25 watt 


16-37 AUDIO-PREQUENCY-OPERATED SWITCH 


Circuit Description 

This audio - frequency - operated- 
switch circuit can be used to turn on 
a load rated up to one kilowatt when 
the sound level increases above a 
predetermined level. The load con¬ 
tinues to receive power until the 
sound level drops below the pre¬ 
determined level. The circuit can be 
activated by an audio signal provided 
by a microphone preamplifier such as 
that described in Circuit 16-7. The 
circuit can be used to control electri¬ 
cal systems, such as alarms, trans¬ 
mitters and remote intercoms. It can 
also be used to measure noise level; 
in such applications, it activates some 
device when a predetermined noise 


level is reached. The level of input to 
this switch should be approximately 
1 volt. 

The audio- or radio-frequency sig¬ 
nal applied to the input terminals is 
rectified by Ds and De. The resulting 
signal is applied to the base of Qi 
through the potentiometer Ri. The 
amount of noise required to activate 
the circuit can be controlled by ad¬ 
justment of the potentiometer. The 
signal applied to the base of Qi 
causes it to conduct provided that 
the emitter of Qi is positive. The 
current conducted by Qi charges Q 2 
through diodes Da and D 4 and resistor 
R4. 
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16-37 AUDIO-FREQUENCY-OPERATED SWITCH (cont'd) 


Circuit Description (cont'd) 

On the following half-cycle, the 
charge on capacitor C 2 is applied to 
the gate of SCRa and turns it on; a 
voltage is thus placed across the 
load. The load voltage is also applied 
to the combination of Di, Ra, and Ci, 
and causes the capacitor to charge. 
The charge on Ci turns on SCRi dur¬ 
ing the next half-cycle. This process 
repeats as long as there is a sufficient 
audio- or radio-frequency signal pres¬ 
ent at the input terminals to cause 
Qi to conduct. 

When the signal is removed, Qi 
becomes nonconductive; the charg¬ 
ing path for capacitor C 2 is thus 
opened. If C 2 cannot charge, SCRs 
cannot turn on. The result is an open 
circuit to the load. Because there is 


no voltage across the load, capacitor 
Cl cannot obtain the charge it needs 
to turn on SCRi during the next half- 
cycle. Therefore, both SCR’s remain 
off until another signal is received 
at the input terminals. 

The release time, or the time that 
it takes for the switch to turn off 
after the input signal ceases, can 
be increased so that the switch does 
not open during momentary inter¬ 
ruptions (e.g., between syllables). 
This increase in release time is ac¬ 
complished by connection of a ca¬ 
pacitor between the emitter and the 
collector of Qi. Values of capacitance 
up to 100 microfarads (15 volts) can 
be used. 



Parts List 


Cl, C 2 = 10 jxF, electrolytic, 
15 V 


Cs = 0.1 /iF, 25 V or greater 
Cl = 10 to 100 fxF, electro¬ 
lytic, 12 V, to increase 
release time 


Fi =: fuse. 125 V, ampere 
rating depends on load 
(10 amperes maximum) 
Ri zi: potentiometer, 5000 
ohms, 2 watts, linear 
taper 

Rs, Ri = 4700 ohms, 2 watts, 
10 % 


R:i = 270 ohms, 0.5 watt, 
10 % 

Rr, = 470 ohms, 0.5 watt, 
10 % 

Si = toggle switch, 125 V, 
15 amperes, single-pole, 
single-throw 
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16-38 light dimmers 


Circuit Description 

These triac light-dimmer circuits 
are designed to provide full-wave 
control of the light intensity of in¬ 
candescent lamps. Component values 
and triac types are shown for opera¬ 
tion of the circuits from a 60-Hz ac 
source of 120 or 240 volts. For 120- 
volt operation, the T2800B triac is 
recommended; for 240-volt opera¬ 
tion, the higher-voltage T2800D triac 
should be used. A D3202U trigger 
diode (diac), together with asso¬ 
ciated resistance-capacitance time- 
constant networks, is used to develop 
the gate current pulses that trigger 
the selected triac into coduction. 

In each light-dimmer circuit, the 
triac is connected in series with the 
lamp load. During the beginning of 
each half cycle of the input ac volt¬ 
age, the triac is in the OFF state. 
As a result, the entire line voltage 
appears across the triac, and the 
lamp is not lighted. The entire line 
voltage, however, is also impressed 
across the resistance capacitance 
network connected in parallel with 
the triac, and this voltage charges 
the capacitor(s) in this network. 
When the voltage across the trigger 
capacitor, Ca in circuit (a) or Ca in 
circuit (b), rises to the breakover 
voltage Vbo of the diac, and the 
diac conducts. The capacitor then 
discharges through the diac and the 
triac gate to trigger the triac. At 
this point, the line voltage is trans¬ 
ferred from the triac to the lamp 
load for the remainder of that half 
cycle of the input ac power. This 
sequence of events is repeated for 
each half cycle of either polarity. 

The potentiometer Ra is adjusted 
to control the brightness of the in¬ 
candescent lamp. If the resistance 
of the potentiometer is decreased, 
the trigger capacitor charges more 
rapidly, and the breakover voltage 
of the diac is reached earlier in the 
cycle so that the power applied to 
the lamp and thus the intensity of 
the light is increased. Conversely, 


if the resistance of the potentiometer 
is increased, triggering occurs later 
in the cycle, and the light intensity 
is decreased. The resistor Ri in series 
with the potentiometer protects the 
potentiometer by limiting the cur¬ 
rent when he potentiometer is at 
the low-resistance end of its range. 

Capacitor Ci and inductor Li form 
an rfi suppression network. This net¬ 
work suppresses the high-frequency 
transients generated by the rapid 
ON-and-OFF switching of the triac 
so that these transients do not pro¬ 
duce noise interference in nearby 
electrical equipment. 

The two lamp-dimmer circuits dif¬ 
fer in that circuit (a) employs a 
single-time-constant trigger network 
and circuit (b) uses a double-time- 
constant trigger circuit. As pointed 
out earlier in the section on Power 
Switching and Control, the use of the 
second time constant network re¬ 
duces hysteresis effects and thereby 
extends the effective range of the 
light-control potentiometer. As ap¬ 
plied to light dimmers, the term 
hysteresis refers to a difference in 
the control-potentiometer setting at 
which the lamp turns on and the 
setting at which the light is ex¬ 
tinguished. The additional capacitor 
C 2 in circuit (b) reduces hysteresis 
by charging to a higher voltage than 
capacitor C3. During gate triggering, 
C 3 discharges to form the gate cur¬ 
rent pulse. Capacitor C 2 , however, 
has a longer discharge time constant 
and this capacitor restores some of 
the charge removed from Ca by the 
gate current pulse. 

It is important to realize that a 
triac in these circuits dissipates 
power at the rate of about one watt 
per ampere. Therefore, some means 
of heat removal must be provided 
to keep the device within its safe 
operating-temperature range. On a 
small light-control circuit such as 
one built into a lamp socket, the 
lead-in wire serves as an effective 
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J6-38 light dimmers (cont'd) 



(a) Single-time-constant light-dimmer circuit. 


Parts List 

120-Volt, 60-Hz Operation 

Cl, C2 = 0.1 jiF, 200 V 
Li = 100 /iH 
Ri = 3300 ohms, 0.5 watt 
R 2 = light control, poten¬ 


tiometer, 0.25 megohm, 
0.5 watt 

240-Volt, 50/60 Hz Opera¬ 
tion 

Cl = 0.1 fiF, 400 V 


C 2 = 0.05 nF, 400 V 
Li = 200 /iH 
Ri = 4700 ohms, 0.5 watt 
R 2 =: light control, poten¬ 
tiometer, 0.25 megohm, 
1 watt 



(b) Double-time-constant light-dimmer circuit. 


Parts List 

120-Volt, 60-Hz Operation 

Cl, C 2 = 0.1 nF, 200 V 
C 3 = 0.1 /iF, 100 V 
Li = 100 /iH 

Ri = 1000 ohms, 0.5 watt 
R 2 = light control, poten¬ 


tiometer, 0.1 megohm, 
0.5 watt 


240-Volt, 60-Hz Operation 

Cl = 0.1 fiF, 400 V 
C 2 = 0.05 /iF, 400 V 


C;5 = 0.1 fiF, 100 V 
Li = 100 fiH 

Ri 7500 ohms, 2 watts 
R 2 = light control, poten¬ 
tiometer, 0.2 megohm, 
1 watt 

R 3 7500 ohms, 2 watts 


Circuit Description (cont'd) 

heat sink. Attachment of the triac 
case directly to one of the lead-in 
wires provides sufficient heat dissi¬ 
pation for operating currents up to 
2 amperes (rms). On wall mounted 


controls operating up to 6 amperes, 
the combination of face plate and 
wall box serves as an effective heat 
sink. For higher-power controls, 
however, the ordinary face plate and 




736 


RCA Solid-State Devices Manual 


76-38 LIGHT DIMMERS (cont'd) 


Circuit Description (cont'd) 

wallbox do not provide sufficient 
heat-sink area. In this case, addi¬ 
tional area may be obtained by use 
of a finned face plate that has a 
cover plate which stands out from 
the wall so air can circulate freely 
over the fins. 

On wall-mounted controls, it is 
also important that the triac be elec¬ 
trically isolated from the face plate, 
but at the same time be in good 
thermal contact with it. Although 


the termal conductivity of most elec¬ 
trical insulators is relatively low 
when compared with metals, a low- 
thermal-resistance, electrically iso¬ 
lated bond of triac to face plate can 
be obtained if the thickness of the 
insulator is minimized, and the area 
for heat transfer through the insu¬ 
lator is maximized. Suitable insulat¬ 
ing materials are fiber-glass tape, 
ceramic sheet, mica, and polyimide 
film. 


76-39 LtGHT MINDER FOR AUTOMOBILES 



Parts List 

Cl =30 plF, electrolytic, 
25 volts 

C 2 = 0.22 fiF, 25 volts 
Ri = 680 ohms, 0.5 watt 
R 2 = 15000 ohms, 1 watt 


Si = switch, double-pole, 
double-throw 

Speaker = l^^-inch perma¬ 
nent-magnet type; voice- 
coil impedance, 3.2 ohms 


Ti = audio-output trans¬ 
former; 400-ohm pri¬ 
mary, 3.2-ohm secondary; 
Stancor No. TA-42 or 
equiv. 
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76-39 LIGHT MINDER FOR AUTOMOBILES (cont'd) 


Circuit Description 

This light-minder circuit sounds 
an alarm if the lights of a car are 
left on when the ignition is turned 
off. The alarm stops when the lights 
are turned off. When the lights are 
intentionally left on, the alarm can 
be “defeated” so that no warning 
sounds. The alarm then sounds when 
the ignition switch is turned on as 
a reminder that the system has been 
“defeated” and the switch should be 
returned to its “normal” position. 

The circuit is essentially an os¬ 
cillator that obtains its supply volt¬ 
age from two possible sources, the 
ignition system or the light system 
of the car. In the “normal” mode of 
operation, the ignition system is con¬ 
nected to the collector circuit of 
the SK3005 (or SK3020) transistor, 
and the light system is connected 
through the D1201A diode to the 
2N217 (or 2N647) emitter. When the 
ignition switch is on, the collector of 
the transistor is at the supply volt¬ 


age. If, at the same time, the lights 
are on, the emitter of the transistor 
is also at the supply voltage. Because 
both the emitter and the collector 
are at the same voltage, the circuit 
does not oscillate and no alarm 
sounds. When the ignition is turned 
off, the collector is returned to 
ground through Ri and Ci, but the 
emitter remains at the supply volt¬ 
age and provides the necessary bias 
for the circuit to oscillate. Turning 
the lights out removes the supply 
voltage and stops the oscillation. 

In the “defeat” mode of opera¬ 
tion, the ignition system is con¬ 
nected through the D1201A diode to 
the emitter of the transistor, and 
the light system is completely dis¬ 
connected. The lights can then be 
turned on without the alarm sound¬ 
ing. When the ignition is turned on, 
it supplies the necessary voltage to 
the emitter of the transistor so that 
the circuit oscillates and causes the 
alarm to sound. 


76-40 BATTERY CHARGERS 

For 6- and T2-Volt Automobile Batteries 


Circuit Description 

These battery chargers can be 
used to recharge run-down batteries 
in automobiles and other vehicles 
without removing them from their 
original mounting and without the 
need for constant attention. When 
the battery is fully charged, the 
charger circuits automatically switch 
from charging current to “trickle” 
charge, and an indicator lamp lights 
to provide a visual indication of this 
condition. 

12-Volt Battery Charger—^This 
circuit can be used to charge 6-cell, 
12 -volt lead storage batteries at a 


maximum charging rate of 2 am¬ 
peres. When switch Si is closed, the 
rectified current produced by the 
four 1N2860 silicon diodes in the 
full-wave bridge rectifier charges 
capacitor Ci through resistors Ri 
and Ro and the No. 1488 indicator 
lamp, Ii. As Cl charges, the anode 
of the 1N3754 diode is rapidly raised 
to a positive voltage high enough so 
that the diode is allowed to conduct. 
Gate current is then supplied to the 
2N3228 SCR to trigger it into con¬ 
duction. The SCR and the battery 
under charge then form essentially 
the full load on the bridge rectifier, 
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7(5.40 BATTERY CHARGERS (cont'd) 



NOTE: Heat sinks are required for the 1N2860 rectifiers. A 
to mount the rectifiers in fuse clips. 


Parts List 

Cl = 50 iiF, electrolytic, 
15 V 

Fi = fuse, 1-ampere, 3 AG 

Ii = pilot lamp. No. 1488 
(14 V, 150 mA) for 12- 
volt system or No. 47 (6.3 
V, 150 mA) for 6-volt 
system 

Ri = 5 ohms» 20 watts for 


12 -volt system or 2 ohms, 
25 watts for 6-volt sys¬ 
tem 

R 2 = 33 ohms, 0.5 watt 
Rs = 470 ohms, 0.5 watt 
Ri = 150 ohms, 0.5 watt 
Rs = 1800 ohms, 0.5 watt 
Rs = potentiometer, cutoff 


simple, effective method is 


adjustment, 10000 ohms, 
2 watts 

Si = toggle switch, single¬ 
pole, single-throw, 3-am¬ 
pere, 125-volt 
Ti = power transformer, 
Stancor No. RT-202, or 
equiv. 









Circuits 


739 


] 6-40 battery chargers (confd) 


Circuit Description (cont'd) 

and a charging current flows through 
the battery that is proportional to 
the difference in potential between 
the battery voltage and the rectifier 
output. Resistor Ri limits the cur¬ 
rent to a safe value to protect the 
1N5393 rectifier diodes in the event 
that the load is a ‘‘dead’’ battery. 
The energy stored in Ci assures that 
the SCR conducts and, thereby, that 
the charging current flows for prac¬ 
tically the full 180 degrees of each 
successive half-cycle of input until 
the battery is fully charged. (The 
SCR is actually cut off near the 
end of each half-cycle but is re¬ 
triggered shortly after the beginning 
of each succeeding half-cycle by the 
gate current applied through the 
D1300A diode as a result of the 
steady potential on Ci.) 

When the battery is fully charged, 
the two-transistor regenerative 
switch is triggered into conduction 
(the triggering point is preset by 
means of potentiometer Ro). As a 
result of the regenerative action, the 
SK3005 and SK3020 transistors in 
the switch are rapidly driven to 
saturation and thus provide a low- 
impedance discharge path for Ci. 
The capacitor then discharges 
through these transistors and resis¬ 
tor Ro to about 1 volt (the voltage 


drop across the transistors). This 
value is too low to sustain conduc¬ 
tion of the D1300A diode, and the 
2N3228 SCR is not triggered on the 
succeeding half-cycle of the input. 
The saturated transistor switch also 
provides a low-resistance path for 
the current to the No. 1488 indicator 
lamp, which glows to signal the 
fully charged condition of the bat¬ 
tery. The current in the lamp cir¬ 
cuit (Ri, lamp, and transistor 
switch) provides a “trickle” charge 
of approximately 150 milliamperes 
to the battery. 

6 -Volt Battery Charger—This cir¬ 
cuit can be used to charge 3-cell, 6- 
volt lead storage batteries at a 
maximum charging rate of 3.2 am¬ 
peres. It is very similar to the 12- 
volt battery charger except for the 
rectifier configuration. In the 6-volt 
circuit, the four 1N5393 diodes are 
connected in a full-wave center- 
tapped rectifier circuit that provides 
the higher charging current of 3.2 
amperes to the 6-volt battery. With 
the exception of the rectifier cir¬ 
cuit, the indicator lamp, and the 
value used for Ri, the 6-volt charger 
is identical to the 12-volt charger 
and operates in the same way. 


16-47 AUTOMATIC SHUT-OFF AND ALARM 


Circuit Description 

In this circuit, two T2700B or 
T2700D triacs and a CA3062 inte¬ 
grated circuit are interconnected to 
form an automatic shut-off and 
alarm. 

The CA3062 integrated circuit con¬ 
sists of a photosensitive section, an 
amplifier, and a pair of high-current 
output transistors on a single mono¬ 
lithic chip. The photosensitive section 


consists of Darlington pairs and 
affords high sensitivity. The power 
amplifier has a differential con¬ 
figuration which provides comple¬ 
menting outputs in response to a 
light input—normally “ON” and 
normally “OFF”. The separate photo¬ 
detector, amplifier, and high-current 
switch provide flexibility of circuit 
arrangement. This feature plus the 
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16-47 AUTOMATIC SHUT-OFF AND ALARM (cont'd) 


Circuit Description (cont'd) 

high-current capability of the output 
section, can now provide the user 
with a complete system particularly 
useful in photoelectric control ap¬ 
plications utilizing IR emitters and 
visible-light sources. 

The CA3062 and resistors Ri, Ra, 
and Ra are interconnected to form a 
latched memory system that can be 
used to stop clocks, record an intru¬ 
sion, or activate light-actuated dark¬ 
room controls. The initial conditions 
are: terminal No. 2 at “high’^-output- 


voltage and terminal No. 6 at ‘‘low”- 
output-voltage. These conditions are 
reversed when a light pulse is re¬ 
ceived. Momentary interrupting of 
will reset the circuit. 

In this system, ac is supplied to the 
load as long as the light source is 
“on'\ If the light path to the CA3062 
is broken, then the ac to the load and 
light source is opened, thereby acti¬ 
vating the alarm circuit. The system 
can be reset with the push-button Si. 



Parts List 


Cl 100 to 1000 pF 
Ri, Ri = 30000 ohms, 0.5 
watt 

R 2 , Rs == 100 ohms, 0.5 watt 
Si =: push-button reset 
switch 

J6-42 PULSE GENERATOR 

With Provisions for Independent Control of 
^'On'^ and ^'Off'^ Periods 


Circuit Description 

This pulse generator (astable mul- periods. The exceptionally high 

tivibrator) includes provisions for input resistance presented by the 
independent control of the “on^^ and CA3130 integrated circuit is an at- 
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76-42 PULSE-GENERATOR (cont'd) 


Circuit Description (cont'd) 

tractive feature for multivibrator 
circuit design because it permits the 
use of timing circuits with high 
R/C ratios. Resistors Ri and Ro are 
used to bias the CA3130 to the mid¬ 
point of the supply voltage, and Ra is 


the feedback resistor. The pulse repe¬ 
tition rate is selected by positioning 
Si to the desired position. The rate 
remains essentially constant when 
the resistors which determine “on- 
period’’ and “off-period” are adjusted. 



C2 = 0.01 /iF 

C3 = 0.1/xF 
C4= l/iF 


40 fjLS TO lOms 
0.4 ms TO 100 ms 
4 ms TO I s 


92CS-26231 


Parts List 

Cl = 1 juF Ri, Ra, Ra = 0.1 megohm, Ra, Rt, Rs =: 2000 ohms, 0.5 

C 2 = 0.1 niF 0.5 watt watt 

c.a, Cr, = 0.01 mF Ri, Rc = potentiometer, 1 Si = range selector, four- 

Ci = 0.001 /xF megohm, 0.5 watt position switch 


76-43 FUNCTION GENERATOR 

Circuit Description 

This function generator uses a functions. The circuit generates a 
CA3130 integrated circuit to provide triangular or square-wave output 
integrator and threshold detector that can be swept over a 1,000,000:1 
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J6-43 FUNCTION GENERATOR (cont'd) 


Circuit Description (cont'd) 

range (0.1 Hz to 100 kHz) by means 
of a single control, R?. A voltage- 
control input is also available for 
remote sweep-control. 

The heart of the frequency-deter¬ 
mining system is CA3080A inte¬ 
grated-circuit operational-transcon¬ 
ductance-amplifier (OTA), ICi, oper¬ 
ated as a voltage-controlled current 
source. The output, lo, is a current 
applied directly to the integrating 
capacitor, Ci, in the feedback loop of 
the CAS 130 integrator IC 2 to provide 
the triangular-wave output. Potentio¬ 
meter R 2 is used to adjust the circuit 
for slope symmetry of positive-going 


and negative-going signal excursions. 

Another CAS 130, IC3 is used as a 
controlled switch to set the excursion 
limits of the triangular output from 
the integrator circuit. Capacitor C 3 
is a “peaking adjustment^* to opti¬ 
mize the high-frequency square-wave 
performance of the circuit. 

Potentiometer Rio is adjustable to 
perfect the “amplitude symmetry** of 
the square-wave output signals. Out¬ 
put from the threshold detector is fed 
back via resistor Rs to the input of 
ICi to toggle the current source from 
plus to minus in generating the linear 
triangular wave. 


Rs 



Parts List 

Ci = l(K)pF 
C 2 = 56 pF 

Cs = variable capacitor, 3 
to 30 pF 

Ri, Rs = 3000 ohms, 0.5 watt 


Ra. Rio = potentiometer, 0.1 
megohm, 0.5 watt 
Ri = 10 megohms, 0.5 watt 
Rs = 10000 ohms, 0.5 watt 
Re = 22000 ohms, 0.5 watt 


Rt = potentiometer, 10000 
ohms, 0.5 watt 
Rs = 270 ohms, 0.5 watt 
Re = 39000 ohms, 0.5 watt 
Rii = 0.15 megohm, 0.5 watt 
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76-44 VOLTAGE-PROGRAMMABLE TIMER 


Circuit Description 

Designers frequently have a need 
for a ‘‘universar’ timing circuit in 
which the timing cycle can be varied 
linearly over an extended range, pref¬ 
erably by simple linear variation of 
a control voltage as can be accom¬ 
plished with this voltage-program¬ 
mable timer. The timer employs two 
integrated circuits, a CA3099E pro¬ 
grammable comparator and a 
CA3096E n-p-n/p-n-p transistor 
array. During the timing cycle, the 
output signal at terminal 3 of the 
CA3099E is a logic 0. (An internal 
transistor can sink a load current 
of 150 milliamperes into terminal 3.) 

The timing capacitor Ci is charged 
through a constant-current-source 
transistor Q^. When capacitor Ci is 


charged to a sufficiently high po¬ 
tential so that the voltage on ter¬ 
minal 14 of the CA3099E exceeds 
that on terminal 3, the comparator 
changes state, and terminal 3 goes 
“high’^ (logic 1 ) interrupting the 
loc^d current. When switch Si is 
moved to the “reset’^ position, tran¬ 
sistor Qi is driven into conduction, 
and thereby causes Ci to discharge to 
reset the logic output of the CA3099E 
to 0. The timing cycle is re-initiated 
when switch Si is turned to the 
“time” position. 

A constant current flow through 
transistor Q* (to charge the timing 
capacitor Ci) is established by the 
diode-connected transistors Q 2 , Q 3 , 
and Q 5 , which are connected in a cur- 


PROGRAMMING 



Parts List 

Cl = 5 /iF, 10 V, Sprague 
416P or equiv. 

Ri =r potentiometer, 2.5 
megohms, 0.25 watt 
Ra 10 megohms, 0.25 
watt, ±5% 


Rs = 1 megohm, 0.25 watt, 

±5% 

R+ = 20000 ohms, 0.25 watt, 

±5% 

R5, R? = 1000 ohms, 0.25 
watt, ±5% 


Re = 6200 ohms, 0.25 watt, 

±5% 

Re = 10000 ohms, 0.25 watt, 

± 5 % 
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16-44 VOLTAGE-PROGRAMMABLE TIMER (cont'd) 


Circuit Description (cont'd) 

rent-mirror configuration and are 
driven from terminal 5 (internal 
zener regulated) of the CA3099E to 
force current through resistors Ri 
and Rs. Consequently, the magnitude 
of current flow in transistor Q 4 to 
charge capacitor Ci is essentially de¬ 
termined by the total resistance of 
resistors Ri and Ro. With a potential 
of -f 1 volt on terminal 3, the timing 
cycle T may be approximated as 
follows: 

T Ci(Ri + R 2 )/ 3.5 seconds 

The timing cycle, therefore, is 15 
seconds when Ci is 5 microfarads, Ri 
is 1 megohm, and R 2 is 10 megohms. 
This time can be extended linearly 
by application of an increasingly 
positive programming voltage Vp to 


terminal 13. In this way, the timing 
cycle can be programmed to vary 
linearly approximately as 1.15TVp 
when the programming voltage Vp 
is varied over the range from -j -1 to 
-j-7 volts. The current needed to sup¬ 
ply terminal 13 is low; only 30 nano¬ 
amperes of current is required when 
Vp is 7 volts. Timing accuracy is 
relatively insensitive to changes in 
supply voltage. (Measured data in¬ 
dicate a typical change in time delay 
of only 1.5 per cent when the supply 
voltage is varied over the range from 
9 to 12 volts.) Similarly, the time 
delay only varies by approximately 
3.5 per cent when the temperature of 
the integrated circuit varies from 0°C 
to TO'^C. 


16-45 TRI-LEVEL COMPARATOR 


Circuit Description 

This circuit uses a CA3060 inte¬ 
grated-circuit operational-transcon¬ 
ductance amplifier array in a tri-level 
comparator. Tri-level comparator 
circuits are an ideal application for 
the CA3060 since it contains the 
requisite three amplifiers. A tri-level 
comparator has three adjustable 
limits. If either the upper or lower 
limit is exceeded, the appropriate 
output is activated until the input 
signal returns to a selected inter¬ 
mediate limit. Tri-level comparators 
are particularly suited to many in¬ 
dustrial control applications. 

Two of the three amplifiers in the 
CA3060 integrated circuit are used to 
compare the input signal with the 
upper-limit and lower-limit reference 
voltages. The third amplifier is used 
to compare the input signal with a 
selected value of intermediate-limit 
reference voltage. By appropriate 


selection or resistance ratios, this 
intermediate-limit may be set to any 
voltage between the upper-limit and 
lower-limit values. The output of the 
upper-limit and lower-limit compa¬ 
rator sets the corresponding upper- 
or lower-limit flip-flop. The activated 
flip-flop retains its state until the 
third comparator (intermediate- 
limit) in the CA3060 initiates a reset 
function, thereby indicating that the 
signal voltage has returned to the 
intermediate-limit selected. The flip- 
flops employ two CA3086 integrated- 
circuit transistor arrays with cir¬ 
cuitry to provide separate “SET'^ and 
“POSITIVE OUTPUT” terminals. 

Power is provided for the CA3060 
via terminals 3 and 8 by ±; 6 -volt sup¬ 
plies, and the built-in regulator pro¬ 
vides amplifier-bias-current (Iabc) to 
the three amplifiers via terminal 1 . 
Lower-limit and upper-limit refer- 
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76-45 TRl-LEVEl COMPARATOR (cont'd) 



Ri = 13000 ohms, 0.5 watt 
Rs, Rs = potentiometer, 

1000 ohms, 0.5 watt 
R 4 , Rs, Rs, R 9 , Ri 2 , Ri9 = 
5100 ohms, 0.5 watt 


Re, 7 , Ri4, Ri 7 = 10000 ohms, 
0.5 watt 

Rio = 20000 ohms, 0.5 watt 
Rii = 25000 ohms, 0.5 watt 
Ris, Ris = 150000 ohms, 0.5 
watt 


Ri5, Ri 6 = 4700 ohms, 0.5 
watt 

R 20 , R 21 = 100 ohms, 0.5 
watt 


Circuit Description (cont'd) 

ence voltages are selected by appro¬ 
priate adjustment of potentiometers 
Re and R 2 , respectively. When resis¬ 
tors Re and R? are equal in value 
(as shown), the intermediate-limit 
reference voltage is automatically 
established at a value midway be¬ 
tween the lower-limit and upper-limit 
values. Appropriate variation of re¬ 
sistors Re and R 7 permits selection of 
other values of intermediate-limit 


voltages. Input signal (Es) is applied 
to the three comparators via ter¬ 
minals 5, 12, and 14. The “SET’’ out¬ 
put lines trigger the appropriate flip- 
flop whenever the input signal 
reaches a limit value. When the input 
signal returns to an intermediate- 
value, the common flip-flop “RESET” 
line is energized. The loads in the 
circuits are 5-volt, 25-milliampere 
lamps. 
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Commutating Capacitors . 295 

Commutating dv/dt Capability 

of Triacs . 163 

Commutation of Inverter SCR’s 

Auxiliary Impulse . 295 

Parallel-Capacitor . 290 

Self-Impulse . 294 

Series-Capacitor . 290 

Complementary-Symmetry Output Stage 553 
Vertical-Switch & Predriver Circuit 554 
Vertical Driver & Output Stage . . 556 

Comparators . 207 

Comparator Circuit . 209 

Conduction Angle . 472 

Constant-Current Source . 188 

Control, feedback level . 312 

Controlled-Avalanche Rectifiers . 59 

COS/MOS Drivers (CD4009A and 

CD4010A) 435 

COS/MOS IC’s 

Classification . 243 

Ratings and Characteristics . 246 

COS/MOS Operational-Amplifier . . . 207 

Counters and Registers .418, 419 

Coupling Methods . 85 

Direct . 86 

Impedance . 85 

Resistance-Capacitance . 85 

Transformer . 85 

Critical Rate of Rise of 

On-State Current (di/dt) . 160 

Off-State Voltage (dv/dt) . 161 

Current 

Blocking . 154 

Diffusion . 6 

Drift . 6 

Flow . 7 

Forward-Biased . 7 

Gain . 72 

Holding and Latching . 160 

On-State . 158, 167 

Ratings . 79 

Reverse-Biased . 6 

Surge . 50, 159 

Cutoff Currents . 74 

Leakage . 74' 

Saturation . 74 

Cutoff Frequencies . 73 

Cylinder Pressure . . .,.. 449 


D Flip-Flop . 239 

DC Safe Area . 125 

Debiasing . 88 

Decade Counter (CD4017A) 423 

Depletion Layer . 5 

Design Tradeoffs . 93 

Detectors . 374 

Diacs . 11 

Differential Amplifiers . 191 

Applications . 191 

Basic Circuit . 184 

Characteristics . 186 

Digital Display Systems . 432 

Circuit Operation & Performance 

Characteristics . 432 

Digital-Meter Applications .. 443 

Diodes . 7 

Compensating . 8, 60 

Dissipation, Current, and Voltage 

Ratings . 102 

Display Drivers . 435 

Divide-by-8 Counter and 8 Decoded 

Outputs (CD4022A) . 424 

Double-Time-Constant Circuit . 487 

Dual 4-Stage Serial-Input/ 

Parallel-Output Register (CD4015A) 429 

Dual-Gate MOS/FET . 138 

Dynamic Power Consumption . 247 


E lectric Field . 12 

Emitter . 9 

Emitter Ballasting . 126 

Emitter Efficiency . 73 

Emitter-Site Ballasting . 122 

Energy Barrier . 6 

Energy Storage . 450 

Excessive Drive . 336 


F abrication . 

Feedback Networks . 

Field-Effect Transistors . 

Junction-Gate . 

Metal-Oxide Semiconductor 

Filtering . . 

Firing Angle . 

Fluorescent Readouts . 

FM Tuners . 

Forward Breakover Voltage . . 

Forward Current . 

Forward on-state Voltage . . . . 

Forward Voltage Drop . 

Frequency Converters . 

Frequency Multipliers . 


. 136 

. 304 

12 
12 
12, 13 
. 253 

. 472 

. 441 

. 381 

. 154 

29, 48 
154 
46 
373 
. 413 


Gate . 16 

Gate Characteristics . 165 

Gate Nontrigger Voltage . 166 

Gate Protection . 137 

Gate Trigger Circuits . 169 

Gate-Trigger-Pulse Generator . 298 

Guide to RCA SS Products . 569 

Packages . 569 

Dimensional Outlines . 634 


Mounting & Connection Techniques 573 


Heat Controls . 488 

Integral-Cycle Temperature 

Controllers . 492 

On-Off Temperature Controller . .. 490 

Proportional Temperature 

Controller . 491 
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Heat Sinks 36 

Effects . 36 

Insulators . 40 

Performance . 38 

Types . 37 

High-Voltage Surface Effects . 91 

Horizontal Deflection . 523 

Horizontal-System Switching, 

Basic Analysis . 524 

Hot-Spot Thermal Resistance . 124 


■ C Chroma Systems . 561 

CA3070/CA3121 System . 565 

CA3126/CA3067 System . 561 

Ignition Systems . 449 

Impulse Commutation . 293 

Impurities . 4 

Incandescent Readouts . 438 

Induction-Motor Controls . 501 

Electronic Garage-Door System .... 504 

Reversing Motor Control . 503 

Inductive-Discharge Automotive System 450 

Basic Considerations . 451 

Ignition-Coil and Transistor 

Characteristics . 452 

Limitations . 451 

Inductive-Discharge Circuits . 453 

Inductive Loads . 516 

Inductive Switching . 103 

Input Bias-Current Offset . 188 

Input Offset Voltage . 188 

Integral-Cycle . 472 

Integrated Circuits . 20 

COS/MOS . 230 

Digital . 22, 24 

Linear . 22 

Packages . 25 

Integration . 21 

Integrator Application . 198 

Interfacing Decade Counter/Dividers . . 435 

Intermodulation Distortion . 400 

Inverters and Converters 

Basic Circuit Elements . 275 

Design Considerations . 276 

Four-Transistor Bridge Inverter . . 289 

Push-Pull Transformer-Coupled . . 282 

Ringing-Choke Converter . 280 

Inverting Feedback Configuration . 193 

Isolation of DC Logic Circuitry ...... 510 


'unction-Temperature Ratings . 33 


L amp Dimmers . 485 

Light-Activated Controls . 495 

Light-Emitting Diodes . 435 

Linear Amplifier . 401 

Linearity Test . 400 

Liquid-Crystal Displays . 443 


AAanufacturers of Special Components 676 

Maximum Ratings . 47, 78 

Microstripline Amplifier Circuits . 410 

Microwave Power Oscillators . 412 

Military Radio, VHF & UHF . 403 

Mobile & Marine Radio . 397 

Morgan Circuit . 294 

Motor Controls . 499 

Motor-Speed Error Detector . 505 

Motor Switch Circuits . 500 

MOS Field-Effect Transistors . 14 

Biasing . 148 

Circuit Configuration . 142 

Depletion-Type . 14 

Dual-Gate . 15 


MOS Field-Effect Transistors—Cont. 

Electrical Characteristics . 141 

Enhancement Type . 14 

Single-Gate Depletion-Type . 14 

Technical Features . 149 


Nand Gate . 238 

Noise Immunity . 247 

Noninverting Feedback . 194 

Nonrepetitive Peak Reverse Voltage . . 157 

N-P-N and P-N-P Structures . 8 


Offset Drift . 188 

Operational Amplifier (OVA) . . 193, 195, 199 
Operational Transconductance 

Amplifier (OTA) . 202 

Applications . 205 

Optoelectronic Circuits . 220 

Oscillators . 365 

Crystal . 370 

LC Resonant Feedback . 368 

RC Feedback . 372 

Oscillator-Quadrupler. 417 

Output Drive Current . 246 

Output Offset Voltage . 188 

Output Power . 123 

Over-all Circuit Configuration . 269 

Overlay Transistor Structure . 120 

Overload Protection . 61 


Packages for Solid-State Devices . 569 

Flexible Leads . 573 

IC . 581 

Molded-Plastic . 577 

Mounting Flanges . 574 

Press-fit . 577 

Stud . 575 

Versawatt . 577 

Peak Reverse Voltage . 47, 157 

Pellet Structures . 151 

Phase Control . 472 

Basic Current Relationships . 473 

General Application Considerations 481 

Phase-Locked Loops (PLL’s) . 215 

Basic System . 215 

COS/MOS .216 

Plug Polarity . 449 

Polycrystalline Silicon Layer (PSL) . . 121 

P-N-P-N Structures (Thyristors) 16 

Power Amplifiers . 316 

Basic Circuit . 317 

Class A . 317 

Class AB . . . 317 

Complementary-Symmetry . 320 

Microwave . 409 

Quasi-Complementary . 321 

Power-Control Circuits . 211 

Power-Dissipation Ratings .. . 32, 80 

Power Gain . 123 

Power Transistors . 63, 86 

Basic Circuits . 66 

Characteristics . 68 

Current-Gain Parameters . 71 

Current-Voltage . 68 

Design and Fabrication . 63 

Power Transistors 

Basic Operation . 99 

High-Frequency . 119 

Product Matrices . 104 

RF and Microwave . 130 

Switching . 98, 101 

Preamplifiers . 302 

Basic Design Features . 302 

IC Phono . . 316 

IC Stereo . 306 
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Product Classification Charts . 221 

Product Matrices . 173 

Programmable Comparator with 

Memory . 220 

Propagation Delay . 247 

Protection Circuit . 243 

Pulse Triggering . 166 


Vifuasi-Complementary-Symmetry 

Output Stage .. 558 

Quiescent Power Dissipation . 246 


Recovery Characteristics . 58 

Recovery-Time Test Circuit . 56 

Rectification . 249 

Regulated Power Supply 266 

Regulation . 261 

IC Voltage . 268 

Series Regulators . 261 

Shunt Regulators . 263 

Switching Regulators . 264 

Reliability Considerations . 128 

Resistive Loads . 512 

Resistivity . 3 

Reverse Current . 46 

Avalanche . 46 

Breakdown . 46 

Reverse Recovery Time . 47 

Reverse Voltages (SCR’s) . 157 

RF and IF Amplifiers . 362 

IC . 362 

MOS . 363 

RF and Microwave Power Amplifiers 
and Oscillators 

Glass of Operation . 390 

Circuit Stability . 395 

Design Considerations . 390 

Modulation . 392 

Multiple Connection . 395 

Requirements . 392 

Transistor Selection . 394 

RF Operation . 126 

RFI Suppression . 172 

Condu<cted . 173 

Radiated . 173 


Safe-Operating-Area Ratings . 97 

Scanning Fundamentals . 519 

SCR Horizontal-Deflection System 536 

Auxiliary Power Supplies . 546 

Basic Deflection Circuit . 536 

Effect of Auxiliary Capacitor .... 541 

High-Voltage Generation . 542 

High-Voltage Regulation . 543 

Linearity Corrections . 544 

Over-all SCR Deflection System . . 546 

Raster Corrections . 545 

Recharging and resetting . 540 

Retrace intervals . 538, 539 

SCR Parameter Values . 460 

Second Breakdown . 88 

Semiconductor Materials . 3 

Series and Parallel Arrangements .... 61 

Set-Reset Flip-Flop . 238 

Short-Circuit Protection . 336 

Signal Phase Shifts . 335 

Single-Gate MOS Transistor . 145 

Single-Sideband Transmitters . 399 

Single-Time-Constant Circuit . 486 

Silicon Controlled Rectifiers . 16 

Characteristics . 154 

Silicon Rectifiers . 7, 8, 9 

Electrical Characteristics . 43 

Fast-Recovery . 54 

Special Types . 54 


SK-Series SS Replacement Devices . . 621 

Sonobuoy Transmitters . 404 

Spark Plugs, Condition of . 449 

Spark-Plug Voltage Waveshape . 450 

Special-Purpose Circuits . 213 

Special Rating Concepts . 124 

Speed Controller System for a 

DC Motor . 505 

Speed Controls for Universal Motors . 507 

Full-Wave Control . 510 

Half-Wave Control . 508 

SSB Transmission . 399 

Standard SS Devices, List of. 584 

Stereo Multiplex Decoder . 385 

Sync Pulses . 620 

Sync Separation . 520 

Synchronous Detection . 560 

Synchronous Parallel-Input/Serial- 

Ouput Register (CD4014A) 429 

Synchronous Ramp Generator . 606 


T emperature Ratings . 79 

Thermal-Cycling Rating System . 92 

Thermal Debiasing . 88 

Thermal Fatigue . 91 

Thermal Impedance . 33 

Junction-to-Case . 33 

Thermal-Stability . 334 

Thermal Runaway . 79 

Three-Phase Bridge Inverters . 290 

Thyristors . 16, 151 

Thyristor Power Controls . 472 

Fundamentals . 472 

Tone-Generation System . 313 

Traffic-Light Flasher . 498 

Transconductance . 73 

Transient Protection . 171 

Transition Region . 5 

Transistor Horizontal-Deflection Circuits 626 

Color Receiver . 634 

Deflection Energy Requirement . . 529 

Driver & Output Circuit . 531 

High-Voltage Power . 528 

Horizontal Oscillator . 533 

Horizontal Phasing . 633 

Monochrome Receiver . 530 

Retrace Time . 628 

Scan Linearity . 529 

Transistor Drive Considerations . . 530 

Voltage Considerations . 527 

Transmission Gates and Inverter 

Applications . 237 

Dynamic Shift Register . 241 

J-K Flip-Flop . 241 

Memory Cell . 241 

NOR Gate . 237 

Tremolo . 314 

Triacs . 18 

Characteristics . 154 

Triac Power Controls for 

Three-Phase Systems . 610 

Trigger Level . 166 

Tuned Amplifiers . 358 

Characteristics . 359 

Cross-Modulation Distortion . 361 

Gain and Noise Figure. 361 

Limiting . 362 

Turn-Off Time (for SCR’s) . 163 

Turn-On Time . 161 

TV Chroma Circuits . 559 

TV Deflection Systems . 519 

TV Receiver Circuits . 385 

AFT . 387 

Color Modulation . 388 

Picture IF . 387 

Remote Control . 389 

Sound IF . 388 
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V ertical Deflection . 546 

Basic Design . 648 

Conventional Output Stage. 549 

Driver Stages . 661 

Linearity Clamp . 562 

Output Stage . 561 

Vertical Switch . 660 

Voltage 

Breakdown . 76 

Punch-Through . 76 


Voltage—Cont. 

Ratings . 29, 78 

Saturation . 76 

Voltage-Current Characteristics . 166 


Zener Diodes . 60 

Zero-Voltage Switching . 481 

Circuit . 487 

Zero-Voltage-Switching Control . 472 
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